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ABSTRACT
The Blackwater Valley on the Surrey/Hampshire border has over 70 flooded gravel 
workings. The value of these to Odonata was studied. Four sites were selected as 
representative for age, use and size of the Valley’s ex-gravel workings. For these 
sites critical habitat factors were measured and the odonate assemblages monitored 
over a three year period.
A transect method to monitor adults at still water was developed and refined to 
produce a nunimum effort methodology of nine biweekly counts between June and 
September. This was shown to be effective in assessing the odonate assemblage 
present. A transect method to count exuviae was also devised to quantify breeding 
success.
Restoration and after use of sites was shown to be important in determining species 
and numbers of odonates. A site restored for nature conservation supported the 
largest number of species. In contrast at a site restored for intensive angling, there 
was no evidence of breeding odonates three years after stociting.
Fish populations were shown to be a major factor affecting the numbers of species 
and population sizes of odonates. Higher fish stocks reduced the number of species 
present, but B/tythmmma neyas and Bnallagma (yathigemm benefited from the presence 
of fish stocked at moderate densities.
The habitat requirements of five selected species (Braclytron pratense, Cordtdia aenea, 
Somatochlora metallica, Brythromma najas and Asshna mixta) were looked at in detail. 
Parameters are given for vegetational structure, physical character, sediments and 
water chemistry for sites with breeding populations of these species.
Recommendations for future monitoring, conservation action and information 
exchange to benefit Odonata in the Blackwater Valley and nationally are given.
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1. INTRODUCTION
1.1 The world of Odonata
Odonates are large and colourful flying insects, world wide there are about 5,000 
species. The oldest fossil records have been found in Carboniferous deposits about 
300 million years old (Brooks 1997a). These fossils are clearly ancestors of Odonata 
but lack certain features found in modern species, such as the pterostigma and 
nodus on the wings, and are best classed as Protodonata (Corbet et al 1960). By the 
Permian, 250 million years ago, the present day odonate wing had developed. 
Modern odonate families are identifiable in fossüs from this period (Miller 1995).
The order Odonata can be divided into three sub orders
1. Anisoptera (dragonflies), characterised by dissimilar hind and fore wings which 
are held wide open at rest, and very large compound eyes that usually touch on 
the top of the head. The larvae are robust without external lamellae. (To avoid 
confusion with names, in this text the guidelines of Thompson and Harvey 
(1994) are followed, hence the English term ‘dragonfly’ is restricted in use to the 
sub-order Anisoptera).
2. Zygoptera (damselflies), characterised by similar wings held together or partially 
folded at rest, the eyes are spaced on either side of the head, the larvae are 
slender with a narrow abdomen terminating in three leaf-Hke lamellae.
3. Anisozygoptera, with just two known extant species found in the Himalayas and 
Japan.
1.2 Biology of Odonata
All odonates have a similar life cycle, an incomplete metamorphosis of three stages. 
An egg is laid in or close to fresh water, from which hatches the prolarva. This 
quickly undergoes ecdysis, shedding its skin and expanding its body to turn into the 
larva proper. The larva is aquatic and goes through a further 10 to 15 instars, each 
instar becoming closer to the adult form. The larval stage can last from one to five
or more years depending on species and habitat conditions. Both larvae and adult 
are totally carnivorous, the larvae are ambush predators lying concealed in basal 
sediments or weed and only feeding on moving prey such as other insect larvae, 
snails, small fish or tadpoles. Adults feed on flying insects especially small flies 
midges and mosquitoes (Brooks 1997a). Once mature, the larva emerges from the 
water usually using vertical marginal vegetation, and undergoes the final ecdysis 
turning into the winged adult. (The final shed sldn, the exuviae, is left behind and is 
a valuable aid to identification). The adult undergoes a period of maturation before 
becoming sexually active, this is spent away from water. Once sexually mature the 
males compete to hold territory at the breeding sites and wait for females to appear. 
Mating uses an unique method; males transfer sperm to an accessory genitalia on 
the ninth abdominal segment prior to copulation. The male then grasps the female 
behind the head using clasper appendages at the end of his abdomen. The female 
will then curl her abdomen round in a ‘wheel’ position to bring her genital opening 
to the males ninth segment and sperm transfer can take place. The female will then 
immediately oviposit either exophyticahy into water, or endophyticaUy into mud or 
waterside vegetation (Miller 1995).
1.3 History of recording in Britain
A detailed history of the early recording of British Odonata is given in Corbet et al. 
(1960).
Amongst tlie earliest naturalists to study odonates in Britain was Moses Harris (cited 
in Corbet et al. 1960). In his book Exposition English Insects, c.1782 he published 
coloured plates to allow identification of 16 types of odonates Some of these 
illustrations were later realised to be of tlie same species and tlie names he used are 
not now considered correct.
In 1815 tlie first classification of British Odonata was produced by W.E. Leach and 
published in BtvmtePs Edinburgh Enyclopedia (cited in Corbet et al. 1960). At tliis stage 
nomenclature was still unclear, many names are no longer in use and some of tliose
tliat are do not refer to accepted British species. J.F. Stephens (cited in Corbet et al 
1960) working wihi Leach listed 48 species in his Systematic Catalogue of British Insects 
published in 1829, only 32 of tliese are now accepted as British species.
Tlie compilation of a species list for Britain and tlie fixing of die correct scientific 
names of species continued tiiroughout die 19di Century, aldiough complicated by 
the continuing discovery of new species. The search for new species and rarer 
specimens for collections was aided in the second half of die century by die 
growing railway network, collecting activity was concentrated in remote areas such 
as die Highlands of Scotiand, widi scant information obtained from die more 
populous and accessible areas including Soudiem England (Merritt etal 1996).
Despite diis trend one species new to science, Oxygastra curtisii, was found and 
described in Soudiem Britain, die only odonate species to be described from a 
British specimen (Merritt etal 1996).
In 1900 die first handbook, British Dragonflies (Odonata), was written by Lucas (cited 
in Corbet et al 1960). This described and illustrated 36 resident and diree regular 
immigrants species, it included some of die first descriptions of e ^  and larvae as 
well die adults. Surprisingly following diis publication die interest in British 
Odonata declined. Later books by Longfield in 1937 (The Dragonflies of the British 
Isles) and Fraser (Odonata in 1949) revived interest (Corbet et al 1960).
Up to die middle of die 20di century entomological interest had concentrated on 
collection, killing and identification of specimens sometimes to the point of 
obsession. Dm Drury working in die later part of die 18di century spent thousands 
of pounds on his insect collection offering “sixpence a piece, eidier large or small” 
In 1946 Taylor criticised Dmry’s killing mediods but went on to say “Nowadays 
one cannot too strongly recommend die use of die ordinary cyanide ‘killing jar’ - 
die ‘stink pot’ of ones school days.” (Taylor 1946). Tlie difficulties in collecting die 
fast flying odonates led to odier solutions, as late as 1948 die use of a 12-bore was 
not unlmown (Corbet c?/. 1960).
During the 1950’s studies of biology and life history became more common. Larvae 
were bred for identification and keys produced and published (Gardner 1954). The 
behaviour of adults studied in the field (Moore 1952 & 1953), and life histories of 
individual species were investigated (Corbet 1957). The earliest transect counts of 
adults at water date from this period (Moore 1953 & 1991).
The growing knowledge of British odonates enabled the publication in 1960 of 
Dragonflies (Corbet et al 1960), this included distribution maps for 43 resident and 
immigrant species based on the Watsonian vice-counties, but this data had not been 
collected in any systematic way and did not include information on breeding ranges 
(Meriit et al 1996).
In 1968 the then recently formed Biological Records Centre launched the Insect 
Distribution Maps Scheme with the first standard recording card for Odonata (card 
RA4). This scheme was based on 10 km squares of the national grid. Increasing 
number of records allowed the setting up of a national Odonata Mapping Scheme 
in 1977 with its own newsletter, followed the next year by the production of a 
provisional atlas.
Interest in recording odonates was further helped by the publication in 1977 of The 
Dragonflies of Great Britain and Ireland, the first book to print accurate colour plates for 
male and female of every resident British species (Hammond 1983). This 
publication was able to reproduce distribution maps based on 10 km squares 
provided by the Biological Record Centre.
By mid 1980’s distribution patterns of adults was well known, but few records 
indicated breeding, limiting the applications for nature conservation. To fiR this gap 
the Key Sites Project was launched in 1988 with a new recording card, RA70, to 
identify Britain’s most important sites for breeding odonates (Welstead & Welstead
1991).
Increasing interest in odonates stimulated by these recording schemes led to the 
establishment of the British Dragonfly Society in 1983. One of its early initiatives 
was to issue a code of practice on collecting odonates advising that specimens 
should only be killed for collection in a few special circumstances (British Dragonfly 
Society 1988).
The Society established a network of local groups that have stimulated studies of 
local distributions, identification of key sites and habitats of key local species 
(Mendel 1993, Gabb & Kitchling 1992).
The national recording culminated in the publication of the Atlas of the Dragonflies of 
Britain and Ireland (Merritt et al 1996).
The data compiled over the centuries could be expected to reveal much of 
conservation interest, however the examination of trends is not easy. Much of the 
early records are not published, reference to museum or private collections, or even 
original notebooks are required. When data can be found Httle is quantifiable or 
detailed enough to draw accurate conclusions especially so for the commoner 
species. For instance Corbet et al (1960) described Fjrrhosoma nytnphula as abundant 
throughout the London area in the 1940’s. It is now a restricted species in this area 
(FoUett 1996) suggesting a significant decline but this is impossible to quantify 
without details of sites, numbers present or breeding status from the older records.
The reliance of museum collections provides its own peculiar problems. These 
collections provide no quantifiable data and their usefulness depend upon accuracy 
and detail of labelling as well as care in storage. One infamous case was the so called 
‘Dorchester Nymph’, one of the earlier English names for Ijemorrhinia dubia given 
after its supposed presence near the town in Dorset. This has only recently been 
shown to be misreading of the label on a specimen actually taken near Doncaster in 
1837 (Limbert 1990).
Whilst distribution is now well known, detailed information about the life histories 
of most species is still lacking. In 1995 The British Dragonfly Society launched the 
Collective Knowledge Project with named collators for each species given the task 
of collecting all available information on that species (Silsby 1995).
In 1997 the Odonata Recording Scheme together with the British Dragonfly Society 
launched the Rare Dragonfly Project as a development of the previous national 
recording schemes. The aim being to collect detailed records of local sites in terms 
of species, ecology and plant communities, and to monitor status changes of the 
rarer species (Cham 1996b).
1.4 Odonata in Britain
Odonata have been present in Britain since at least the Early Cretaceous period, 
125-135 million years Before Present. Fossil remains of more than 15 species have 
been found in clay pits in the sedimentary strata of the Wealden Supergroup in 
Surrey (Jarzembowsld & Nel 1996).
The present day European fauna consists of 114 species (Askew 1988).Britain and 
Ireland support about one third of this European fauna, a higher proportion than 
most groups of plants or animals (Merritt et al 1996). However this is still an 
impoverished fauna compared to similar countries by comparison France supports 
81 species (71% of European species) and Denmark 45 (39%).
Merritt et al (1996) give a checklist of 55 species recorded in Britain and Ireland. 
This checklist treats Sympetmm striolatum and S. nigrescens as separate taxa, but 
recognises that the specific distinctiveness of the couplet is still unresolved.
Since this atlas was published two new species Anaxparthempe and A tiax junius have 
been added to the British list as vagrants (Phillips 1997, Part 1998b). It has also 
been pointed out that the record of Lestes midis as a vagrant to England is probably 
an error (Gladwin 1997).
The latest position is that 57 species have been recorded in Britain and Ireland. 
Thirty-nine are resident, two are regular immigrants that do not usually breed, and 
nine vagrants that have never been known to breed. Four species are confined to 
records from the Channel Islands. The remaining three species formally bred but 
are believed to have become extinct since 1950.
Many species are in decline across Europe. Toi & Verdonk (1988) name 61 taxa 
considered endangered, vulnerable or rare, describing their work as “an account of a 
strong decline and severe loss of biotopes all due to negative human influences on 
the aquatic environment.”
The British Bed Data Books, 2 Insects (Shirt 1987) lists nine species (six extant) as 
endangered or vulnerable. The Nature Conservancy Council (1984) considered that 
a further nine of Britain’s resident species are ‘Nationally Scarce’. In 1996 the 
British Dragonfly Society launched the Rare Dragonfly Project to gather data on 17 
species in Britain that it considered required special attention for conservation 
reasons (Wain 1996).
The position is summarised in Table 1.
Two extant British species have legal protection. Coenagrion mercuriale is listed in both 
the EC ‘Habitats and species’ Directive Annex II, and the Bern Convention. Aeshna 
isosceles is legally protected by British legislation through its inclusion in the Wildlife 
and Countryside Act (Merritt et al 1996).
Clearly with three recent extinctions and 17 (44%) of Britain’s resident species 
under threat or now scarce, Odonata as a group are in need of conservation 
measures.
Table 1. Status o f the rarer resident Odonata of Britain 
and Ireland.
Red
Data
Book
Believed
extinct
NationaUy
Scarce
Rare
Dragonfly
Project
Lestes dry as + +
Platyenerms pennipes +
Ischnur'a pumilio + * +
Coenagrion mercuriale + +
Coenagrion scitulum + +
Coenagrion pulcbellum + * +
Coenagrion hastulatum +
Coenagrion armatum + +
Ceriagrion tenellum + +
Gomphus vulgatissimus + +
Brachytrvn pratense + * +
Aeshna caerulea + +
Aeshna isosceles + +
Cordulia aenea + +
Somatochlora metallica + +
Somatochlora arctica + +
Oxygastra curtisii + +
Uhellula fulva + +
Cordulia aenea
Orthetrum coer'ulescens +
Leucorrhinia dubia + +
* Recorded in more than one hundred 10km squares since 1980 (Merritt et al. 1996)
1,5 Reasons for extinctions and declines of resident species
The Nature Conservancy Council (1984) listed 15 resident species in decline or 
believed recently extinct, together with the reasons for their decline which in all 
cases was habitat damage in one form or another. All known causes of habitat 
degradation was due to human activities with just the one exception of Coenagrion 
scitulum.
The legal protection, being species based, does nothing to prevent loss and damage 
of habitat suitable for odonates. Many cases are documented, (Merritt et al. 1996, 
Fry & Lonsdale 1991, McGeeney 1986, Hammond 1983), if conservation measures 
for odonates are to be successful, these lessons need to be learnt.
Habitat loss and degradation have occurred in numerous ways. Oxygastra cuiiisii 
became extinct after pollution of its last British site, Coenagrion armatum after 
lowering of the water table, and C. scittilum after inundation by sea water of its only 
British location (Moore 1976),
Urban expansion has caused many local extinctions due to the destruction of 
numerous aquatic habitats and the necessary ‘hinterlands’ such as heath and flower- 
rich meadows necessary for the roosting and feeding of teneral and adult odonata 
(Gibbons 1986, Moore 1976).
A detailed survey of ponds in Woking, Surrey showed that 92% of ponds in the area 
now urbanised had been lost in the last 100 years (Woking Borough Council 1997). 
A similar survey in Eastleigh, Hampshire in 1985 found that of 81 historic ponds in 
the borough, 65% had been lost or were threatened (Itchen Hamble Countryside 
Project 1997). These losses are probably typical of many urban areas across Britain.
Urbanisation has degraded many rivers and streams through polluting discharges 
from sewage works, road drainage run off or industry. The pollution that eliminated 
Oxygastra cuiiisii as a British species was due to a new sewage works discharging 
effluent within permitted limits (Merritt et al. 1996).
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Industrial pollution can prove extremely toxic. The River Rheidol in 1938, after lead 
pollution, supported only 14 animal species whilst the River Churnet had no animal 
life whatsoever for 10 ntiles downstream of a Copper works (Macan & Worthington 
1972). Effects of pollution to water bodies are not usually so drastic but are 
widespread. The nation-wide Countryside Survey in 1990 found 29% of ditches and 
streams sampled showed signs of pollution sufficient to limit the numbers of 
aquatic invertebrate species present (Department of the Environment 1993). In 
1992 757km of main rivers were described as bad and 4119km as poor due to 
pollution (MacGillivray undated).
Urbanisation can lead to demands for increased tidiness of the remaining open 
spaces in the towns and cities. A decline from 17 to 9 odonate species between the 
1930’s and the 1970’s at Richmond Park and similar losses at Bookham Common, 
Surrey was attributed to “ ‘improvements’ made to ponds and marshy ground for 
the sake of amenity” (Fry & Lonsdale 1991).
The application of insecticides on wetlands for the benefit of nearby urban 
populations is believed to have caused some local extinctions. Ischnura pumilio was 
found in profusion at Fleet Pond, Hampshire in 1949, but was not seen again after 
anti mosquito oil was applied to the marshy areas surrounding this lake (Camberley 
Natural History Society undated). A similar incidence of spraying against 
mosquitoes severely affected the odonates of the important Basingstoke Canal 
(Cheknick (5?/. 1980).
Modern agricultural methods have caused much damage. They have led to the loss 
of ponds no longer required for watering stock, many ponds have been deliberately 
filled in whilst others have been abandoned and become overgrown with trees and 
vegetation so that they are no longer suitable for odonates. Pond Action (undated) 
estimate that 63% of ponds (about 500,000) have been lost in England & Wales in 
the past 100 years. Woking Borough Council (1997) put the figure at over 1 million 
ponds lost in Britain since 1880. Both authorities agreeing that the losses equate to 
an average of 9,000 a year and are still continuing.
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Ponds and water courses have also suffered from agricultural pollution originating in 
diverse sources including fertiliser run off, deliberate treatment or accidental 
contamination with herbicides and pesticides, spillages of milk and slurry from 
livestock, and poisons from sheep dip (Merritt et al. 1996),
Drainage has had a major detrimental effect in some areas, either through deliberate 
efforts to lower the water table to aid agriculture (Purseglove 1989) or through the 
side effect of over abstraction of water for domestic, agricultural or industrial use 
(Sheate 1991). Species of small rivers and ditches are particularly effected by over 
abstraction (Merritt et al. 1996). Drainage measures often include canalisation of 
natural water courses and regular ‘weed’ cutting so degrading the habitat (Winsland 
1994).
Agricultural intensification and urbanisation has reduced the hinterlands, the 
terrestrial area required by many odonates for shelter and feeding especially in their 
immature stages. Only 3% of flower rich waterside meadows remain (FeltweU 1992). 
The loss of valuable wooded areas adjacent to the Basingstoke Canal due to 
expansion of housing estates was described by Chelmick et al. (1980).
Conversion of marginal areas, such as lowland heath, to agriculture or forestry has 
been detrimental to odonates (Merritt et al. 1996).
Afforestation has damaged much moorland and heathland habitat, firstly by 
drainage, then acidification of water bodies by run off and finally by shading from 
the maturing trees (Merritt et al 1996, British Dragonfly Society 1993). Between 
1811 and 1960 Dorset heathlands were reduced by 70% in area and broken up from 
16 large blocks to 100 fragments (Moore 1987). Loss of lowland heathland has 
continued by 1975 only 6,000 ha remained from the 10,000 ha in 1960 (Moore 
1976).
Industrial scale peat extraction for the horticulture trade has destroyed large areas of 
bogland habitat, for instance over 2,000 acres of Hatfield Chase, Yorkshire has been
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completely stripped out (Purseglove 1989). Ironically many of these areas had 
originally depended on small scale peat cutting to maintain areas of open water. 
Ceriagrion tenellum, Sympetrum danae and Orthetrum coer'ulescens were lost from Wicken 
Fen due to the abandonment of this practice which led to the drying out of habitat 
(Moore 1976).
Recreational pursuits have also led to degradation of habitat for odonates. Pollution 
and wash from pleasure boats are believed to cause problems for Gomphus 
mlgatissimus, whilst disturbance and pollution from cruisers on the NorfoUc Broads 
contributed to the extinction of Coenagrion armatum (McGeeney 1986).
Angling has been shown to have a major impact on insect populations (Giles 1992). 
Lakes with high stocking rates of fish have low numbers of odonates British 
Dragonfly Society (1993) considered this to be due to predation by the fish, whilst 
Merritt et al. (1996) believed the effect to be a combined result of predation and 
competition for food resources with the larvae. Flory (1996) observed a low 
odonate diversity in the presence of a large fish populations and speculated the 
presence of bottom feeding cyprinids would be more Hkely to affect sediment 
dwelling larvae, but have less effect on weed dwellers.
The relationship between fish density and odonate numbers is complex whilst 
many odonate species are unable to co-exist with predatory fish, other species do 
fetter in lakes with fish present (Pierce & Crowley 1985, McPeek 1990).
SortTie canals have suffered damage to their nature conservation value due to 
restoration and subsequent intensive use for recreational boating. This has resulted 
in removal of aquatic and marginal vegetation and turbid water reducing their value 
to odonates (Briggs 1996).
The impact of river management has been detrimental to many invertebrates, 
straightening river channels reduces the length of available habitat, whilst the 
removal of habitat features such as pools, riffles, backwaters and marginal
vegetation has eliminated vital habitat of many invertebrate species including 
Zygoptera (RSPB et al. 1994).
At some sites neglect and lack of appropriate management has been the cause of 
habitats becoming unsuitable for odonates. Many farm ponds are no longer 
requited for watering stock so have become shaded by trees, and filled with sût or 
rubbish. Declines in Coenagtion memmale, the only resident British species regarded 
as important in a European context, have been attributed to cessation of grazing 
leading to rank vegetation overtaking the wet heathland bogs and runnels this 
species requires (Merritt et aL 1996).
Some declines have no known cause Ljeucorrhinia dubia has declined dramatically at 
its only southern English location of Thursley Common to the extent only single 
figures have been seen (if at all) for the past few years. This is despite the 
continuation of apparently suitable pools and surrounding habitat. Reasons 
proposed for this decline include climate change and habitat change by a variety of 
causes (Wain & Tagg 1997).
1.6 Reasons for increased records of migrant species
In contrast to the losses and declines of many species others have undergone 
increases. In the 1930’s Jieshna mixta was given its first English name of Scarce 
Aeshna, this was later changed to Migrant Hawker (Corbet et al. 1960). Even this 
has become a misnomer, the species is now a common resident that has been 
extending its range across Britain throughout this century and it is possibly the most 
common aeshnid of southern Britain (Moore 1976). Biachytronpratense and Orthetnm 
cancellatum are two species whose known breeding ranges have been expanding 
(Merritt et al 1996).
Other resident British species have been recorded in recent years in sites a long way 
from their accepted breeding ranges. Species involved include Ubellula depressa in 
Cumbria (Banks 1984), Anax imperator in Scotland (Smith 1995), Sympetmm danae in 
Norfolk (Benstead 1994) and S. sanguinetm m. South Lancashire (Smith 1997).
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Migrant odonates have always attracted attention and records are well represented 
in the literature (Richards 1941b, Corbet et al 1960, Archer-Lock 1984, Silsby 1993, 
Miller 1995). Increased recordings of vagrant and migrant Anisoptera in recent years 
could be ascribed in part to increased observer coverage and some records of 
migrants are due to assisted passage in human transport e.g. Pantala flavescens 
brought from Singapore in a ship (Corbet et al 1960).
It is unlikely that these reasons could account for all the recent records. In 1995 
large numbers of migrants were recorded across Britain, this was certainly a real 
rather than apparent phenomenon (Silsby & Ward-Smith 1997). At least six species 
were recorded including spectacular numbers (an estimated 1000 individuals) of 
Sympetmm flaveolum and two species new to this country, J. pedemontamm and 
Crocothemis eythraea (Silsby & Ward-Smith 1997, Parr 1996, Jones 1996). This latter 
species was seen again in 1997 (Butler & Butler 1998).
Since 1995 two new species have been added to the British Hst. Anaxparthenope was 
sighted in Gloucestershire in 1996 (Phillips 1997), in Cornwall and Cambridge 
during 1997 (Parr 1998a) and again in Cornwall in 1998 (Truscott 1998). In 1998 the 
first records of a Nearctic species in Europe were made when 6-10 specimens of 
AnaxJunius were seen in the Isles of ScHly and CornwaE (Parr 1998b).
The increase in ranges of resident species and increased records of migrant species 
could indicate a response to changing climatic conditions.
Odonata can be grouped by distribution patterns, many of the migrants seen in 
recent years e.g. Pantala flavescens, Hemianax ephippiger, Sytnpetrum fotiscolomhii 2sA  
Crocothemis erythraea are southern European or African species. Most of the British 
fauna are species with a wide European range e.g. Pytrhosoma fymphula, Efiallagma 
yathigemm, Aeshna yanea and Ubellula depressa. Merritt et al (1996) consider these to 
be the species best able to colonise the recent man-made water bodies.
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vegetation has eliminated vital habitat of many invertebrate species including 
Zygoptera (RSPB et al 1994).
At some sites neglect and lack of appropriate management has been the cause of 
habitats becoming unsuitable for odonates. Many farm ponds are no longer 
required for watering stock so have become shaded by trees, and filled with sût or 
rubbish. Declines in Coenagrion mercuriale, the only resident British species regarded 
as important in a European context, have been attributed to cessation of grazing 
leading to rank vegetation overtalting the wet heathland bogs and runnels tliis 
species requires (Merritt et al 1996).
Some declines have no known cause Eeucorrhinia dubia has declined dramaticaUy at 
its only southern English location of Thursley Common to the extent only single 
figures have been seen (if at aû) for the past few years. This is despite the 
continuation of apparently suitable pools and surrounding habitat. Reasons 
proposed for this decline include climate change and habitat change by a variety of 
causes (Wain & Tagg 1997).
1.6 Reasons for increased records of migrant species
In contrast to the losses and declines of many species others have undergone 
increases. In the 1930’s Aeshna mixta was given its first English name of Scarce 
Aeshna, this was later changed to Migrant Plawker (Corbet et al 1960). Even this 
has become a misnomer, the species is now a common resident that has been 
extending its range across Britain throughout this century and it is possibly the most 
common aeshnid of southern Britain (Moore 1976). Brachjtronpratense and Oiihetrum 
cancellatum are two species whose known breeding ranges have been expanding 
(Merritt et al 1996).
Other resident British species have been recorded in recent years in sites a long way 
from their accepted breeding ranges. Species involved include Ubellula depressa in 
Cumbria (Banks 1984), Anax imperator m. Scotland (Smith 1995), Sympetrum danae in 
Norfollc (Benstead 1994) and S. sanguineum 'm South Lancashire (Smith 1997).
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Migrant odonates have always attracted attention and records are well represented 
in the literature (Richards 1941b, Corbet et al 1960, Archer-Lock 1984, Süsby 1993, 
MiUer 1995). Increased recordings of vagrant and migrant Anisoptera in recent years 
could be ascribed in part to increased observer coverage and some records of 
migrants are due to assisted passage in human transport e.g. Pantala flavescens 
brought from Singapore in a ship (Corbet et al 1960).
It is unlikely that these reasons could account for all the recent records. In 1995 
large numbers of migrants were recorded across Britain, this was certainly a real 
rather than apparent phenomenon (Silsby & Ward-Smith 1997). At least six species 
were recorded including spectacular numbers (an estimated 1000 individuals) of 
Sympetmm flaveolum and two species new to this country, S. pedemontamm and 
Crocothemis erythraea (Süsby & Ward-Smith 1997, Parr 1996, Jones 1996). This latter 
species was seen again in 1997 (Butler & Butler 1998).
Since 1995 two new species have been added to the British Hst. Anaxparthenope was 
sighted in Gloucestershire in 1996 (PhüHps 1997), in Cornwall and Cambridge 
during 1997 (Parr 1998a) and again in Cornwall in 1998 (Truscott 1998). In 1998 the 
first records of a Nearctic species in Europe were made when 6-10 specimens of 
Anaxjunius^e.t& seen in the Isles of Scüly and Cornwall (Parr 1998b).
The increase in ranges of resident species and increased records of migrant species 
could indicate a response to changing climatic conditions.
Odonata can be grouped by distribution patterns, many of the migrants seen in 
recent years e.g. Pantala flavescens, Hemianax ephippiger, Sympetmm fonscohmhii and 
Crocothemis erythraea are southern European or African species. Most of the British 
fauna are species with a wide European range e.g. Pyrrhosoma tymphula, Enallagma 
yathigemm, Aeshna yanea and Ubellula depressa. Merritt et al (1996) consider these to 
be the species best able to colonise the recent man-made water bodies.
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1.7 Reasons for increased records of some resident species
Ironically the urban expansion that has been responsible for much habitat 
destruction has also led directly to the creation of 15,000 ha of flooded sand and 
gravel quarries (Giles 1992). most are less than fifty years old. Other water bodies 
have been recently created in association with urban areas such as flood prevention 
schemes or ornamental features. This could be another factor causing increased 
populations and expanding ranges of certain species.
About half of Britain’s species have been recorded from gravel pits witli 14 species being 
commonly found (Moore 1990). At tlie intensively studied Great Linford gravel pits in 
Buckinghamshire 17 species have been recorded, 13 breeding in the lakes (Giles 1992). The 
100 lake complex of the Cotswold Water Park (Wiltshire/Gloucesterslure) is recognised as 
one of tlie most important sites in soutii-west England with 18 breeding species, these 
include two nationally local and diree regionally scarce species (Fox, Jones & Holland
1992). Botli tliese sites now meet SSSI (Site of Special Scientific Interest) requirements for 
Odonata. There are many otlier similar gravel pit complexes in Britain e.g. Ouse Valley 
(Huntingdonshire), and Lea Valley (London/Essex/Hertfordshire).
Cham (1996a) illustrated the importance of extraction sites for the rare Ischnura 
pumilio. A variety of extractive industries provide breeding sites for this species 
including reservoirs and seepages from abandoned mines in South Wales, old tin 
streaming sites in Cornwall, ball clay quarries in Devon and gravel pits in Berkshire 
and Oxfordshire.
SaltweUs Local Nature Reserve surrounded by the urban area of Dudley in the West 
Midlands supports 18 species indicating the potential value of urban fringe sites to 
Odonata (Benyon undated).
1.8 Habitat ptefetences
British Dragonfly Society (1993) state that most odonate species in Britain have a 
range of habitats they use, their distribution being more influenced by climate. 
However the rarer species have more specialised requirements especially for the
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larval stages that are not well understood. British Dragonfly Society (1993) also 
states that “aU species depend on .. .the stability of their aquatic breeding site.”
Askew (1988) describes several species (Platycnemis pennipes, Coenagrion puella, Aeshna 
yanea, Ubellula depressa and Sympetrum striolatuni) as being ubiquitous in Europe. 
These species breed in lowland pools, an impermanent habitat, so must rely on 
regular colonisation of new breeding sites. Certain species that are characteristic of 
this biotope e.g. Sympetrum flaveolum and Ubellula quadrimaculata are strongly 
migratory. (It should be noted that in Britain Playcnemis pennipes breeds almost 
exclusively in rivers and streams).
Askew (1988) describes characteristic odonate assemblages for eight different 
aquatic biotopes across Europe. For instance cool montane streams should have 
Cordulegaster spp. and Calopteryx virgo in comparison rivers and warmer streams 
support Gopphus spp. and Calopteryx splendens. Eutrophic ponds with floating 
vegetation support Eiythromma spp. and Anax imperator, whilst Ubellula depressa and 
Orthetnm spp. are characteristic of eutrophic ponds with open water and bare 
banks.
Flabitat preferences for some species appears to vary across their British range. 
Cham (1996a) details this for Ischnura pumilio, in Western Britain it is found in valley 
mires, floodlands and other natural wetlands whilst in central England it is largely 
found in transient artificial sites.
Coenagrion mercuriale is typically thought of as a heathland species using base-rich 
runnels and streams, but it is not confined to such sites populations also occurring 
in ditches on the floodplains of chalk streams (Merritt et al. 1996).
Somatochlora metallica has a strange dichotomy in its British range having two distinct 
populations with different habitat requirements. One population is found in ancient 
peaty lochs in the Scottish Highlands, the only other population utilises neutral
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waters of ponds, small rivers and canals that are shaded by trees in central Southern 
England (Merritt et al 1996).
Some odonates are associated with certain plants for a variety of reasons. Some 
species select particular plants for ovipositing. Coenagmn annatum was associated 
with Frogbit (Hydrocharis) in Britain and C. pulchellum uses the under surfaces of 
water-lily leaves and Njmphaea spp.), (Askew 1988).
Aeshna isosceles prefers ditches with Water-soldier {Statiotes aloides) present (Leyshon 
& Moore 1993). Fox, Jones & Holland (1992) record the following associations; 
Eiythromma najas with floating leaves of Hymphoides, Nymphaea and Potamogeton\ Lestes 
sponsa with Eleochans palmtris, and Synpetmm sanguineum with Typha and Eleochaiis 
palustris beds. These associations are little understood yet are clearly important if 
planting and managing newly restored sites to conserve such dependent species.
Moore (1991) suggested that age of water body rather than plant species present 
was the dominant factor in determining odonate populations. He identified a 
pioneer stage with two breeding species; a developmental stage lasting 11 years with 
six other species colonising; and a climax stage, lasting 15 years with eight species 
breeding with various degrees of regularity.
It is often assumed tliat ponds shaded by bankside trees are poor wildlife habitats (Biggs et 
ai 1994), tree removal to allow sunlight to reach die water is often recommended (British 
Trust for Conservation Volunteers 1981, Porter 1988). Biggs et al (1994) pointed out die 
value of shaded woodland glades to a variety of adult odonates and die need by ovipositing 
Aeshna yanea and A . grandis for branches and odier woody debris in die water. The presence 
of leaf litter is recognised as important for die larvae of Cordulia aenea (Brooks 1997b) and 
Somatochlora metallica (Vick 1997).
Some invertebrates rely on annually drying ponds whilst other species benefit from 
occasionally drying conditions including the scarce zygopterans Ischnura pumilio and
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Lestes dryas. Despite this shallow ponds are often dredged to create deeper water and 
prevent possible drying out (Biggs eta/. 1994).
To enable conservation to take place and prevent further extinctions it is essential 
to understand detailed habitat requirements of individual species for any given 
region. Recently created water bodies are already making an important contribution 
to the conservation of odonates. With correct management based on detailed 
knowledge of habitat requirements this role could be considerably enhanced.
Perhaps surprisingly this detailed laiowledge is not available for many, if not most, 
British species, a factor which is undoubtedly hindering conservation. The British 
Dragonfly Society recognises this problem, in an attempt to remedy the situation it 
has set up the ‘Collective Knowledge Project’. Each species has been allocated a co­
ordinator to collect and collate as much information as possible for that species. 
The lack of available data is recognised in the fact that one of the primary aims of 
the Project is ‘to identify gaps in our knowledge of British Dragonflies’ (Cham, 
1996b).
1.9 Conservation measures
Moore (1976) reviewed the conservation of odonates in Britain up to that date. 
Nature conservation at this time was concentrated on site protection. The 140 
National Nature Reserves then designated covered 121,000 ha selected to protect 
representative examples of the main habitat types rather that particular groups or 
species. Many other nature reserves run by voluntary bodies also existed. This 
system of reserves was successful in supporting 35 species of Odonata.
Within these nature reserves a few small water bodies had been excavated 
specifically for odonates, but the lack of knowledge of exact requirements of 
threatened species limited steps that could be taken.
The scheduling (and hence restrictions on development) of Sites of Special 
Scientific Interest had less success. The West Moors River had been designated a
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SSSI specifically for odonates, in particular to protect the only British locality for 
Oxygastra curtisii. This did not prevent the polluting discharge from a new sewage 
works and the subsequent loss of the species (Moore 1976).
Management of sites for other wildlife groups can benefit odonates. The Royal 
Society for the Protection of Birds (RSPB) manages over 120 nature reserves across 
Britain and Northern Ireland specifically for birds, the majority of these reserves 
contain water bodies, 35 species breed on RSPB reserves including important Red 
Data Book populations. The importance of these reserves for odonates has now 
been recognised and management actions specifically for the odonates are being 
implemented (Pickess 1995).
In 1986 the British Dragonfly Society established the Dragonfly Conservation 
Group. This group “has three main functions; to represent BDS on conservation 
matters nationally (and internationally); to help other conservation bodies conserve 
dragonflies on their nature reserves; and to support the conservation work of BDS 
members” (Corbet 1993). The group has been active in number of areas: working 
with the Peadand Conservation Consortium; advising RSPB on management of its 
reserves; advising on studies of rare species i.e. Umorrhinia dubia and Aeshna isosceles, 
and specific sites e.g:Basingstoke Canal.
Tlie Ashton Water Dragonfly Sanctuary, a privately owned site, was the first reserve 
to be specifically managed with odonates as its priority. Work on fiiis site started in 
1989 when five species were recorded, tliis rose to 15 species in 1991 after suitable 
management (Corbet 1993). The success of tliis site inspired die setting up of die 
Commill Meadows Dragonfly Sanctuary by die Lee Valley Park. Twenty different 
species have been seen at diis latter location, making it die best site in Greater 
London (Brooks undated). Bodi of tiiese sanctuaries are based on existing water 
bodies, are open to die public and include research amongst dieir aims.
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1.10 Uses of Odonata
In parts of the world odonates ate used directly as a food, adults ate caught with 
sticks smeated with bitd Hme then ftied and eaten. In othet ateas odonates fotm an 
impottant patt of the diet of some commetcial fish stocks (Cotbet et al 1960).
The fact that both latval and adult odonates eat insects that can be hatmful ot 
annoying to people is often quoted as a useful featute of odonates (Cotbet et al 
1960, Btooks undated). This featute has been shown to be an effective measute 
against the mosquitoes that ttansmit dengue fevet in the Fat East. (Millet 1995).
In Nortli America larval aeshnids are collected and used for fishing bait. On at least 
one lalte die commercial hanresting of many diousands of larvae lead to a drastic 
reduction in die population of two species, Aeshna umhrosa and A . intempta. (S. 
Valley pers comm.).
In Britain latval odonates ate used with othet aquatic invertebrates as indicators of 
aquatic pollution within the ‘Biological Monitoring Wotldng Party’ score system. 
This uses the varying tolerance of the different orders to pollution to indicate water 
quality of a river. Invertebrate communities require time to establish populations so 
their presence or absence are indicative of long term conditions, giving an 
advantage over chemical monitoring that can only measure conditions when a 
sample is taken (RSPB et al. 1994).
Savan (1977) and Winsland (1997) have pointed out the usefulness of adult 
odonates as indicators of the conservation value of aquatic ecosystems. Being large 
colourful day flying insects odonates are perhaps the most easily observed of aU 
aquatic groups.
In addition odonates are top predators that are dependant on aquatic, littoral and 
surrounding habitats and are thus highly sensitive to a wide range of environmental 
disturbance. This makes them especially useful as indicators of the health of a water 
body's wildlife community as a whole.
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Declines in populations of other highly visible predatory species has proved useful 
for monitoring the overall health of an ecosystem. The unusually high death rates of 
foxes (Vulpes vulpes) in eastern England in the 1950’s, first noticed by the fox 
hunting community, provided the initial indications of the damage caused 
throughout the food chain by organophosphate pesticides e.g. DDT, heptachlor 
and dieldrin (Moore 1987). Monitoring odonates could provide a comparatively 
simple way of assessing the long term health of an aquatic community. Odonates 
have already been used in this way to a limited amount. The decline in number of 
odonate species over a 40 year period at Richmond Park being given to express 
damage to the habitat for all invertebrates (Fry & Lonsdale 1991).
In a review of ecological survey techniques the value of transects to monitor certain 
invertebrate populations, including Odonata was pointed out. Transects can provide 
a standard method to be followed, so generating quantifiable data that can be 
compared across time and sites (Sutherland 1996).
Butterflies are one group of insects for which transects have been developed and 
used for a number of years. A national scheme for monitoring butterflies by 
transects started in 1976 and long term data is now being assembled. Trends for any 
one site or species can be compared to national and regional trends so allowing 
conclusions to be drawn on habitat changes. For instance at Castle HiU National 
Nature Reserve on the South Downs the number of adult butterflies reflected the 
affect of grazing on sward height and larval butterfly food plant species. This 
indicated the change in the meadow habitat as a unit and allowed management 
decisions to be made to benefit the habitat and nature reserve as a whole. The 
butterfly transects also provided long term data on numbers and flight periods and 
it is thought this wiU help in the study of climate change (Pollard 1991).
Initial experiments in monitoring odonate populations by counting adult males at 
water took place as long ago as the 1950’s (Moore 1953). More recently transects 
have been used to census adult odonates based on various adaptations of the 
Butterfly Monitoring Scheme methodology sometimes Imown as the Pollard Walk
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(Jenkins 1986, Brooks 1993). The development of this technique has already proved 
useful in revealing the effects of management and natural phenomena on odonate 
populations (Brooks 1993). In the case of transects carried out on the CornmiH 
Meadows, in the Lea Valley Park, the information revealed led to the establishment 
of a ‘Dragonfly Sanctuary’ (Brooks undated).
1.11 Aesthetic value
This large, colourful and active nature of odonates has given them an aesthetic 
value, that is nowadays appreciated by aU who spend time beside Britain’s inland 
water bodies.
In China and Japan odonates have long been regarded with affection and feature in 
art and literature from as early as 300 E.C. (Miller 1995). This was not the case in 
Europe, until fairly recently the attitude was one of fear, vernacular names for 
odonates include Horse-stingers, Devils Darning Needles, Eye-stingers as well 
Dragon-fly itself (Corbet et al 1960). However the days of public fear of Dragon­
flies is being replaced by an appreciation of their qualities. Around the world they 
feature in stories, poems and songs as well as motifs for stamps and Christmas cards 
(Miller 1995).
In 1983 the British Dragonfly Society was formed. It is now a well supported 
organisation, with a network of local branches in most counties. By 1993 it had over 
1100 members (Corbet 1993). The colourful and attractive appearance of odonates 
are clearly an important part in their popularity, the Society offers a variety of 
odonate jewellery including, watches, pendants and brooches (Silsby 1997).
The British Dragonfly Society organises an annual photography competition which 
is a result of the many members who are interested in this artistic aspect of their 
hobby. The increasing desire by naturalists to see odonates has resulted in the 
setting up of ‘Insect Line’ a telephone information service to provide latest advice 
on were to go to see Lepidoptera and Odonata (British Dragonfly Society 1997).
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1.12 Odonata in Southern England
The UK Odonata Recording Scheme has shown that the South-east England region 
as a whole supports 33 of Britain’s 39 breeding species, with 14 of these defined as 
notable due to restricted distribution.
The River Blackwater Hes on the borders of Surrey, Hampshire and Berkshire, these 
three counties are rich in odonates, with aU 33 species found in South-east England 
being recorded between 1975-90. The totals for the relevant vice-counties being 
North Hampshire 28 species, Surrey 29, Berkshire 28 (Merritt et al 1996). FoEett 
(1996) recorded 28 species proven breeding in Surrey, placing it second only behind 
Hampshire and Sussex which support 29 breeding species each.
FoUett (1996) lists no less than 44 sites in Surrey that support 17 or more breeding 
species.
Some sites in the region are exceptionally rich. The Basingstoke Canal which laces 
its way through North-east Hampshire and into West Surrey is considered as one of 
Britain’s best odonate sites, supporting 26 different species, whilst Thursley 
Common National Nature Reserve with 28 breeding species could be Britain’s 
premier odonate site (Byfield 1990).
Figure 1. Blackwater Valley, regional location.
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1.13 Regional setting
Surrounding the Blackwater Valley are extensive tracts of heathland a habitat long 
recognised as being valuable for Odonata. The heathlands still contain many 
odonate rich sites such as Warren Heath, Yateley Common, and Thursley Common 
(Welstead & Welstead 1991).
It is fortunate that good base line data exists for species present in the VaEey and 
surrounding heathlands just prior to the start of gravel extraction in the Blackwater 
VaEey. A.W. Richards was actively recording in the area from the 1930’s to the 
1950’s. He published annual species lists for 1938,1939 & 1940. His report for 1939 
described the district as “a dragonflies’ paradise”. In this period he reported 28 
resident and two migrant species. (Richards 1939, 1940, 1941; Camberley Natural 
History Society undated).
A survey carried out for the Nature Conservancy Council in 1977 concentrated on 
the ‘acid tertiary deposits of the Eastern part of the south region’ i.e. the heathlands 
surrounding the Blackwater Valley. Using new surveys and archive searches 42 sites 
were examined of which 22 were considered excellent (14 or more species). No sites 
within the Valley were surveyed (Savan 1977).
Building upon Savan’s surveys D. & J. Dell (1993) Hst over sixty sites within 10 miles 
of the VaHey, (including five witliin the VaHey itself) that support odonate 
assemblages that they consider worthy of annual visits to survey (Figure 2),
The South-east of England has been subject to rapid urban expansion this century 
and the area around the Blackwater VaHey is no exception. At the south end of the 
VaHey Hes Aldershot, home of the British army, the bulk of the nearby heathlands 
are miHtary training grounds. This has prevented urbanisation of the heathlands but 
concentrated development into the string of towns along the VaHey, now around
250,000 people Hve within one mHe of the river (BaHey 1993).
Figure 2. Sites of known odonate value near the 
Blackwater Valley.
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1.14 Blackwater Valley, geology and landscape
The Blackwater Valley is thirty kilometres long. Its southern limit is defined by the 
Hogs Back, a ridge of chalk that forms the southern limit of the London Basin, its 
northern end being the confluence of the River Blackwater with the River Loddon. 
Surrounding and underlying the Valley are Tertiary deposits of the London Clays, 
Bagshot Formation, Bracldesham and Barton Beds. Post Anglian Glaciation fluvial 
deposits of sand and gravel are present along the valley floor, these are overlain 
by recent alluvium. (British Geological Survey 1996).
Tithe maps show that the landscape at the early part of this century was one of 
small meadows and pastures separated by hedges, with much of the ground near the 
river marked as “liable to flooding”. Many field names indicate the wet nature and 
marginal agricultural value of the valley floor, names include The Moor, Tongham 
Moor, (Anon 1851), Alden’s Moor, Five Acre Moor, Rush Moor (Anon 1842), 
Rushy Plot, (Anon 1844a) Great Moor, Heathy Moor and Peat Moor (Anon 
1844b).
A number of small copses did occur in the Valley (Anon 1851) but larger 
woodlands were largely restricted to the higher and drier ground away from the 
river (Berkshire County Council et al 1976).
The landscape has undergone drastic changes in the past century. The rapid urban 
expansion has reduced the open valley to a narrow strip of land adjacent to the 
river, especially in the southern part of the Valley. The valley floor being subject to 
regular flooding escaped development but has become a natural communication 
channel with electricity lines, gas pipes, railways and roads all present. The number 
of woodlands has decreased, by 1976 only 4% of the Valley was wooded, much of 
this fragmented (Berkshire County Council et al 1976).
With the demand for development and the associated need for building materials 
many fields have been extracted for gravel and sand, the flooded worldngs 
producing ever increasing areas of open water. Gravel extraction in the valley floor 
has been constant since the 1950’s, with the operators moving on as pits have been
28
worked out. This has produced a range of ages of water bodies mostly restored 
since the 1960’s (Appendix I).
The Valley floor now contains a river and approximately 60 lakes created by gravel 
workings from 50 years old to currently operational. A number of smaller water 
bodies have recently been created in association with urban flood drainage purposes 
(Berkshire County Council et al. 1976).
The water bodies are fairly equally divided between size classes. Size and form of the 
gravel pits are largely a result of the method of extraction and hence related to age. 
Prior to 1960’s pits were worked wet, a drag-line with one end fixed and one 
movable was used. Overburden was left in ridges along the length of the drag-line 
so forming lakes with a typical form of a spread hand with fingers (Appendix II 
Figure 1). The development of better pumping equipment allowed later pits to be 
pumped dry and worked with normal earth moving machinery so removing the 
restrictions on size and form of restored pits.
Once finished the gravel workings generally become surrounded by trees, either self 
sown or planted, giving an enclosed wooded nature to the waters.
By the 1970’s the effects of old and operational gravel workings, the many 
communications and the multitude of urban fringe activities had produced a 
fragmented and degraded landscape (Berkshire County Council et al. 1976).
1.15 Blackwater Valley, planning issues
The extent of the Blackwater Valley Strategy Area is defined in Bailey (1993), 
(Figure 3). The River Blackwater, forms the boundary between the three counties of 
Hampshire, Berkshire and Surrey. These three counties and the local district /  town 
councils have all adopted similar planning policies designating the narrow band of 
open countryside remaining in the Valley as a strategic gap. These planning policies 
restrict built development, but promote landscape enhancement and restoration, 
and seek to promote land use for outdoor recreation, and nature conservation 
(BaHey 1993).
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To implement these policies in 1979 the Blackwater Valley authorities, the 
Countryside Commission and Sports Council formed the Blaclcwater Valley Project 
with project staff employed to implement landscape improvements throughout the 
area.
In the 11 years to 1990 the project restored over lOOha of derelict land, in the 
process 141mi of footpath and 7 footbridges were built, and 75,000 trees and shrubs 
were planted.
The Blackwater Valley Recreation Strategy (Hampshire County Council 1987a) 
outlined the long term perspective and framework to co-ordinate recreational 
development of the restored areas. This document proposed the establishment of a 
permanent Blackwater Valley Recreation and Countryside Management Service 
(BVRCMS).
The Blackwater Valley Strategy 1993-98 (Bailey 1993) reviewed the state of the 
Valley and recognised not just the increasing use of the area for recreation but also 
its value for nature conservation. Policies were thus proposed to integrate these 
potentially conflicting land uses.
1.16 Blackwater Valley, nature conservation value
The jSrst assessments of the wildlife value of the Blackwater Valley concentrated 
upon ornithological and botanical surveys. These revealed that the River Blackwater 
itself had little value but there were a number of agriculturally ‘unimproved’ wet or 
damp fields in the flood plain that had vegetational interest. The species rich 
meadows required further survey work to determine their exact status. Many fields 
were improved pasture but it was noted that such fields, though not uncommon in 
North Hampshire and Berkshire, had value for insects, birds and hedgerow species. 
The value to birds of the Blackwater Valley was described as much improved since 
gravel operations had started, and the pits were regarded as important in a 
South/South-east England context. In total 70 bird species were recorded as 
breeding between 1971 to 1979 (Blackwater Valley Wildlife & Conservation Group 
1979).
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A more detailed botanical survey of the River Blackwater and its flood plain 
supported these findings. AH the ex-gravel pits were regarded as of interest for 
nature conservation, with the species rich meadows being identified and mapped, aH 
such meadows being described as ‘important’ or ‘critical’ for conservation (BBONT 
& SWT 1986). These surveys of the wet species-rich fields resulted in the 
designation of 99.6 acres as the Blackwater VaHey Site of Special Scientific Interest. 
Designated because of its wet meadow, swamp and wet alder woodland 
communities the SSSI supports a wide range of invertebrates as weH as rich plant 
communities and the rare Elongated Sedge {Canx elongatd) (Nature Conservancy 
CouncH 1987).
The Blackwater VaHey supports populations of at least 40 plant species considered 
rare in a national or regional context. The value to wHdHfe of the wet river vaUey is a 
consistent theme with most of these rare plants being species characteristic of wet 
woodland {Osmunda regalis), riverside meadows {Sanguisorha officinalis, Stellanapalmtris), 
rivers {Oenanthe fluviatilis, Potamogeton nodosud), or ponds/lakes (Potamogeton trichoides, 
Elatine hexandra, Carex vesicana, Eactnca virosd) (BaHey 1993, Brewis et al 1996).
Clark (1984) underlined the value of the gravel pits for bird Hfe, describing the water 
bodies so created as attractive to a wide range of breeding, wintering and migrant 
species. The estabHshment of Little Ringed Plover {Charadrins dnhins) as a breeding 
species in the area was directly related to gravel extraction as was the considerable 
increase in populations of waterfowl.
The ornithological value of the area has continued to improve since 1984. More 
water has been created and one extraction site has been specificaHy restored to 
benefit wHdHfe. The Moor Green Lakes Nature Reserve is now managed with birds 
as a high priority. This nature reserve now supports breeding Lapwing {Vanellns 
vanelbis) and Redshank (Tringa totanns) with a winter roost of Goosander (Megus 
merganser) of regional importance (Brown 1994).
One area of estabHshed woodland does He adjacent to the river. This is RowhiH 
Copse within which a spring forms the source of the River Blackwater. This is the
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only ancient woodland in the Valley but even this has seen much human 
intervention. The wood has areas of coppice, ponds from old brick works, an open 
field and much introduced Rhododendron {Rhododendron ponticuni). This human 
activity has created a wide diversity of habitats in the wood, it is now a Local Nature 
Reserve.
As well as the Blackwater Valley SSSI, a small part of the Basingstoke Canal SSSI, 
and the two nature reserves, (RowhiH Copse and Moor Green Lakes) many other 
areas have been recognised for their ecological importance. The local planning 
authorities have designated 31 other areas as Sites of Nature Conservation 
Importance or equivalent (BaHey 1993).
1.17 Blackwater Valley, value for Odonata
Cutting across the VaHey is a short section of the Basingstoke Canal, and despite 
heavy urbanisation a few agricultural ponds remain. Together with the many gravel 
pits these water bodies provide a range of aquatic habitats comparable to other 
odonate-rich gravel pit complexes. The linear wHdHfe corridors of the River 
Blackwater and the Basingstoke Canal cross close to the centre of the VaHey. It is an 
ideal location for colonisation by this highly mobHe group. Evidence from other 
simHar river vaHeys with gravel pit complexes suggest that the Blackwater VaHey 
could be an import area for odonates.
A prelkninary survey of the Blackwater VaHey was organised by the author with the 
help of The Hants & Surrey Border Dragonfly Group in 1990. This survey was 
coHated together with aH other avaHable surveys and incidental records in the 
Blackwater VaHey prior to 1994. This revealed that 27 species had already been 
recorded, 15 confirmed breeding. Seven of these species are classed as regionaHy 
notable (Hants and Surrey Border Dragonfly Group 1990), five are included in the 
Rare Dragonfly Project (Table 2).
Few of the water bodies in the VaHey are currently managed for conservation. Some 
are unmanaged, others used for water sports, the majority are used for angling.
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Within the Blackwater VaHey a number of mineral workings have recently been 
restored for nature conservation, and some current workings are proposed to be 
restored Hlcewise in the future. To optimise the restoration and subsequent 
management of these sites for odonate conservation, a knowledge of detaHed 
habitat preferences is essential.
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Table 2. Status o f Odonata recorded in the Blackwater 
Valley prior to 1994.
Species Cotifitmed breeding 
in the Blaclcwater 
Valley
Regionally
Notable
Rare Dragonfly 
Project
Calopteryx splendens +
Calopteryx vlr^ o
Lestes sponsa +
Platycnemls pennipes + +
Pyrrhosoma nymphnia +
Ischnura ele^ ans +
Enalla^ma cyathi^ erum +
Coenagrion pulchellum +
Coenagmn puella +
Etythî'omma najas + +
Brachytron pratense + +
Ajeshnajuncea +
Aeshna grandis +
Aeshna cyanea +
Aeshna mixta +
Anax ifnperator +
Cordulegaster holtonii +
Cordulia aenea + + +
Somatochlora metallica + +
Ubellula depressa +
Ubellula quadrimaculata +
Orthetmm coerulescens +
Orthetnm cancellatum +
Sympetmm stnolatum +
Sympetmm flaveolum
Sympetmm sanytiineum
Sympetrum danae
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1.18 Aims of project
The aim of this project is to answer the question “How should gravel pits be 
physically restored, planted and managed to further odonate conservation”.
The nuU hypothesis being that water bodies in the Blackwater Valley do not differ 
in thek value for Odonata regardless of restoration, and current use or 
management.
The research is based in the gravel pits of the Blackwater Valley in central Southern 
England but lessons learnt will have appKcations throughout the region and beyond.
1.19 Key objectives
The key objectives addressed are:-
# To develop a method to monitor the odonate communities of gravel pits 
and other stiU waters.
• To sample a representative selection of the gravel pits in the Blaclcwater 
Valley with regard to current use and management.
• To assess the habitats of each pit in relation to vegetation, water quality and 
substrate.
• To assess and to compare the value to odonates of different types of 
recently created water bodies.
• To make recommendations for odonate conservation specifically for the 
Blaclcwater Valley.
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2. METHODOLOGY
2.1 Pilot survey
A desk study of all the ponds and lakes existing in the Blaclcwater Valley was carried 
out during 1993 prior to field work starting. This initial survey classified all the water 
bodies by age, size and use, the habitats present being largely dependent upon these 
three factors.
2.2 Site selection
Potential study sites, representative of the typical habitats and uses in the Blackwater 
Valley, were examined in the field to assess practical logistics of long term survey 
work. Factors such as permission from the owners, physical access, viewabHity of 
the water, and conflict with recreational users were considered before finally 
choosing the study sites.
To aid comparisons, especially in relation to the effects of different uses and ages, 
two pairs of pits were selected. The pits in each pair were matched to be similar in 
location, age, size and habitat, but with contrasting uses. Pair A were both about 30 
years old, pair B recently dug.
2.3 Assessment of habitat surrounding the study sites
The habitat surrounding the two pairs of selected pits was assessed by reference to 
ecological assessments carried out just prior to road construction (Hampshire 
County Council 1987b, Hall 1991 & 1992, Davey 1991).
These surveys had become partly outdated due to the construction works. Field 
surveys were carried out to assess the present situation with particular attention paid 
to mapping the extent of different habitats.
Figure 3. Blackwater Valley Strategy Area, showing 
locations of survey sites.
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2.4 Assessment of habitat of the study sites
2.4.1 Bank length
The length of bank corresponded to adult transect for three sites. For Site Al, the 
northern boundary between water and bank was formed by reed beds and marsh 
developed upon deep silts. It was dangerous to access this part of the site. The 
transect was restricted to the safely accessible area of bank. Transects were 
measured to the nearest metre.
2.4.2 Area of water body
The size of the water bodies and the individual sections were calculated using maps 
at a scale of 1:1250.
2.4.3 Water depths
The depths of the ponds were measured using a fishing rod to cast a float and 
plumb bob. Measurements were taken in May 1997 whilst ponds were at winter 
levels. Five measurements were taken for each section and a mean figure calculated.
2.4.4 Fluctuations in water levels
Notes were made during each transect of the water levels including sections that 
dried.
2.5 Vegetational analysis
Vegetation surveys were carried out during July 1994. Each section was assessed for 
the abundance of different plant species. Overall vegetational cover within the water 
body and the amount of marginal vegetation was also assessed for each section.
2.5.1 Vegetation within the water body
The guidelines contained in Pond Action (undated) were followed so that only 
plants within the area delimited by the ponds winter high water level were recorded. 
Each section was surveyed for submerged, floating and emergent species. A small 
grapnel was used to sample submerged species. Species present in the section were 
recorded using the DAFOR scale. Identification and naming of species followed 
Stace (1991).
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For this study no attempt was made to construct a Plant National Conservation 
Score or Index based on plant rarity status. Results were expressed simply as the 
number of different species recorded.
To assess vegetation structure for each water body, the percentage cover was 
recorded of:-
• floating leaved aquatic plants,
• tree cover, trees growing within the water body,
• submerged plants.
2.5.2 Bankside vegetation
The structure of the bankside vegetation Im either side of winter high water level 
was surveyed to give an indication of the availability of emergence sites.
The percentage cover was recorded of:-
• length of bank with taU (>Im) marginal plants e.g. Typha, and Phragmites,
• length of bank with small (<Im) marginal plants e.g. Juncus,
• length of bank with water edge trees,
• length of bank without vegetation due to artificial banks or bare earth.
2.6 Fish stock assessment
Collection of detailed information on fish stocks by netting or other directly 
quantifiable methods was impractical. Effective netting would require partial 
drainage of the lakes such methods would create unacceptable disturbance to the 
managed fisheries. The physical habitat of site Al with deep silts and many 
submerged tree branches and trees growing in water, also prevented effective 
netting. Netting had been attempted on this site in the 1980’s to remove fish stocks 
with only limited success (EUis per s. comm.).
39
2.6.1 Managed fisheries
The managers of the sites used for angling (A2 and B2) have good knowledge of 
their fish stocks present due to records of fish introduced and catch results. This 
was especially so for B2 as it had recently been drained and stocked. The fishery 
managers were interviewed to assess details of species, and quantities of fish 
present.
2.6.2 Non fished sites
For sites Al and B1 fish seen during the transects were recorded and compared to 
numbers seen on the angled pits to give comparative numbers. Five of the six 
ponds at B1 dried out during 1995 this revealed a small number of fish that died, 
these were recorded.
2.7 Water analysis
Water samples were taken and analysed in summer 1994 and winter 1996.
2.7.1 Chemical analysis
To sample summer water conditions one sample from each section was collected 
on the morning of 1 July 1994 and taken to the laboratory for testing that 
afternoon. Continuous flow injection analysis was used to measure the amount of 
nitrate nitrogen, nitrite nitrogen, and ammonia. A flame photometer was used to 
measure sodium and potassium.
To analyse winter water quality samples were collected on 22 Aprd 1996 and taken 
to the laboratory for processing using the same method as in 1994.
2.7.2 Summer temperature and oxygen
On 17 and 19 July 1994 three measurement on each section were taken in situ of 
four parameters. Temperature and oxygen were measured using a pHOX 62TE. A 
pPIOX 42E was used to measure pH, and conductivity was measured using a Flanna 
HI 8033.
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2.7.3 Winter temperature and oxygen
In situ measurements were taken on 29 and 30 March 1996, meters used on this 
occasion were a WTW OXI 320 for oxygen and temperature, a WTW pH 320 for 
pH and a WTW LF 320 for conductiHty.
2.8 Sediment analysis
Samples of sediment were collected from aU pits on 10th May 1996. One sample 
was collected from each section using a cylindrical metal corer of 4.7cm internal 
diameter driven to a depth of 10cm into the basal sediments. For logistical reasons 
samples were only taken from the shallows at the pond edges. Samples were placed 
into plastic bags, including the water column collected within the corer as this 
contained suspended solids disturbed by the act of coring. Samples were labelled, 
returned to the laboratory and frozen on the day of collection.
Samples were placed into shallow trays to defrost, and dried using a combination of 
air drying and oven drying at 60°C. To prevent particle aggregation due to the 
drying process, a pestle and mortar were used to grind the dried samples into their 
constituent particles.
2.8.1 Particle size
The dried samples were tested for particle size distribution by sieving. A nest of 16 
sieves between 28mm and 63pm was vibrated for 20 minutes per sample. The 
particles collected in each sieve were then weighed. The character of the sediments 
were assessed by calculating the fractions of sût & clay (particles of diameter <0.06 
mm), sand (0.06mm to 2.0mm), and gravel (>2.0mm).
2.8.2 Organic matter
To assess the amount of organic matter, dried and ground sediment samples were 
prepared as above. These were then weighed and placed into a muffle furnace. This 
was raised to a high temperature for two hours sufficient to burn off all organic 
matter. The sample was then re-weighed and the amount of organic matter 
calculated as a percentage of dried weight.
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2.9 Weather
Details of local weather conditions for 1994, 1995 and 1996 were obtained from an 
existing weather station approximately 5km west of the study sites operated by an 
amateur meteorologist.
2.10 Adult transects
2.10.1 Previous knowledge
Prior to this study starting the author became experienced in identification of adult 
dragonflies in flight by regular survey work since 1989. This was supplemented by 
attendance at a number of field meetings organised by the British Dragonfly Society 
and its local group the Hants and Surrey Border Dragonfly Group to check 
identifications with experienced observers.
A collection of identification reference books was built up to enable cross checking 
of more difficult species. These references were Hammond (1983), McGeeney 
(1986), Miller (1995), Askew (1988) and Gibbons (1986).
2.10.2 Transect method
Adult odonates were surveyed using a transect method based upon guidelines 
described by Moore & Corbet (1990) and Brooks (1993). The former suggest 
minimum requitements for counting adults and exuviae. The latter describes details 
of a transect to count adult odonates based upon a method to monitor butterflies 
(Pollard 1991). The method used by Brooks (1993) was developed for use on linear 
water bodies, it is not enticely applicable to lakes and ponds and so required 
adaptation. A visit to Brooks’s study site, the CornmÜl Stream & Old River Lea, was 
made prior to starting the study to assess differences in habitat to the study sites.
2.10.3 Environmental criteria
Transects were carried out when the following conditions were met.
• The survey to be carried out between the two hours either side of solar 
noon. All four research sites lie at approximately 1° east longitude, therefore 
solar noon occurs at 12.04 GMT (13.04 BST). For practical purposes the
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time window was taken as between 11.00 and 15.00 BST. Start and finish 
times were recorded.
• Temperature above 17°C, but preferably representative of the warmest 
conditions occurring that week. Temperature was recorded at the start of 
each transect.
• Conditions more sunny than cloudy. If a shadow was cast it was regarded as 
sunny. Whether it was sunny or overcast was recorded at the start of each 
section. Conditions were acceptable if die score was >50% sunny for the 
transect as a whole.
• Wind force 4 (measured on Beaufort scale) or calmer. Wind speed and 
direction were recorded at the start of the transect.
2.10.4 Transect protocol
When carrying out the transects the following protocol was followed to ensure
repeatability and consistency.
• A set route was established for each study site, to aid counting this was sub 
divided into sections on a habitat basis. In places the routes were forced to 
depart from the bank side due to trees and other vegetation.
The transect was defined as the water body, marginal vegetation up to and 
including the pathway wallced however far away from the edge of the water body 
the route lay.
The transect was always started at section one and wallced without a brealc to the 
end, so long as conditions remained acceptable. It was allowable to temporarily 
suspend the waUc for up to % hour to allow for a short term deterioration in 
weather conditions i.e. to allow for a passing heavy cloud, rain shower or squall 
of wind.
• A pair of binoculars (8 x 30 magnification) were carried and used to assist 
location and identification of distant insects.
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• No vegetation was disturbed or closely searched although it was scanned by eye 
(vegetation beyond 10m of the observer was scanned using the binoculars).
• The transect was walked at a slow stroll keeping to the set route, where the bank 
was accessible pausing only to identify species and note down results.
• Where the bank was inaccessible due to trees and thick vegetation, longer stops 
were made to scan the sections from viewing points along the bank. On pits that 
were fished the angling swims aheady in place were used, on Al viewing points 
had to be specially cut. At the viewing points the area of water observable was 
slowly scanned in a single sweep using binoculars. Reference points such as fallen 
trees or fence posts were used to avoid counting over the same piece of water 
more than once.
Care was taken to identify all individuals to species level whenever possible. The 
blue zygopterans (Coenagtion spp. and Hnallagma cyathigenm  ^ form a group that are 
exceedingly similar and can only be definitely separated by a close view of 
stationary insects. The category of undetermined Zygoptera was used to cater for 
this problem.
For each section the odonates seen were recorded in the following categories; 
total adults, pairs (a pair—1) ovipositing females and immatures (tenerals and 
emergents).
No insect was knowingly recorded twice on any one transect. Species that patrol 
on a regular beat or return to the same perch after flights could easily be 
eliminated from double counting. Recognised individuals that were driven in 
front of the observer were also eliminated from double counting.
2.10.5 Duration of study
Transects were carried out weekly during the summers of 1994, 1995 and biweekly 
in 1996.
#
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2.10.6 Timing of transects
For ease of reference the weeks were numbered, week 1 starting on 1 May each 
year. In 1994 transects were carried out on weeks 1 to 20, week 20 being the second 
week of September. During 1994 few odonates were recorded during weeks 1 and 2, 
so in 1995 transects were carried out on weeks 3 to 20. Maintaining weekly transects 
at four sites created logistical difficulties. In 1996 this was reduced to biweeldy 
transects between weeks 4 to 21. The aim being to carry out transects every other 
week, but any time during the two week period being acceptable (i.e. one transect in 
weeks 4 and 5, one in weeks 6 and 7 etc.). This method allowed nine transects to be 
carried out covering the main flight period for odonates.
During some weeks (fortnights in 1996), especially during early or late summer, 
weather conditions never achieved the minimum requirements as laid out above. 
Transects were still carried out and the results accepted as the numbers of adults 
counted were representative of the week. For some weeks/fortnights transects were 
repeated due to a perceived improvement in weather conditions. In these cases the 
transect with the highest total number of adults was used in compiling the results.
2.10.7 Data handling
The full data set, (the results obtained from all the adult transects carried out) 
produced a very large and complex data set with many sub categories. This 
produced much useful information e. g. detailed and quantified flight periods. To 
allow comparison between different years, sites and sections there was a need to 
reduce this information to a simplified and comparable form. The counts were 
therefore used to construct a measure of adult population density.
The core data set used was the minimum survey methodology, i.e. the nine biweeldy 
transects as carried out in 1996. For each site the comparative nine transects from 
1994 and 1995 were selected by choosing the transect with the highest total count 
of odonates from each biweekly unit, (i. e. the best transect from weeks 4-5, 5-6, 8- 
9,10-11,12-13,14-15,16-17,18-19, 20-21).
45
For each site average density figures were constructed for all species using the core 
data set.
Counts of the total individuals from the various categories (adult, pair, ovipositing 
female & immature) were summed then expressed as the number per 100m of 
transect length.
Adult density for species X — Z nine selected transects x 100
transect length (metres)
To assess trends at each site, figures were calculated for each year and for each 
section.
To assess trends between sites a three year mean figure was calculated for years and 
sections.
The relative abundance for each species at each site was also calculated as an 
alternative method for assessing communities.
Relative abundance for species X = E species X x 100%
D aU species
2.11 Exuviae collection
2.11.1 Previous knowledge
Prior to this study starting the author became experienced in identification of 
exuviae and larvae by attendance at a number of field meetings organised by the 
British Dragonfly Society and its local group the Hants and Surrey Border 
Dragonfly Group. As an aid to identification a reference collection of exuviae was 
made. This collection encompasses 20 species, including all the species of exuviae 
recorded during this study.
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2.11.2 Search method
Exuviae were collected in 1994, 1995 and 1996 using the same method each year. 
Each section of the four sites were sampled by close searching of the emergent 
marginal aquatic vegetation and suitable adjacent vegetation or structures e.g. tree 
trunks, grasses and wooden boarding up to one metre away from the waters edge. 
Due to time constraints it was impossible to search in detail the whole length of 
each section, or on some occasions, to collect all exuviae seen during the searches. 
To ensure adequate coverage a minimum of 15 minutes was spent on sections that 
could not be searched in their entirety. The time spent searching each section was 
recorded.
2.11.3 Time scale
Searches were carried out four times each year at approximately four week intervals 
throughout the emergence period, between May and August. This method ensured 
that all species could be recorded regardless of their emergence dates.
2.11.4 Identification and data handling
Exuviae were taken to the laboratory for identification using a x20 microscope. A 
number of keys were used for identification purposes, these were Gardner (1954), 
McGeeney (1986), Miller (1995) and Gibbons (1986).
The density of exuviae present was expressed by converting totals found to 
numbers per hour searching.
Exuviae density for species X = No. of exuviae
time searching (hours)
2.12 Larvae collection
2.12.1 Time scale
Larvae were collected on two occasions during 1995. Firstly during May and then 
again in late July/early August. The aim being to collect both early season and late 
season species.
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2.12.2 Collection method
A pond dipping net witli an approximately square moutli of internai section 570 
cnf and mesh gaps of Imm^ was used to collect larvae. For ease of collection 
samples were taken close to tlie bank. For each section two locations were chosen 
and two samples talcen at each location. Tlie first sample being a two metre sweep 
tlirough tlie top levels of aquatic vegetation. If no aquatic vegetation was present 
dien die sweep was tiirough clear water at mid depdi. Tlie second sample talcen was 
a two metre sweep along die pond bottom diat disturbed die basal sediments. In 
bodi occasions die pond net was kept square to die direction of sweep and if 
possible completely submerged so ensuring a similar volume of water was sampled 
on each occasion (roughly O.lm^). Tlie exceptions to this were very shallow sections 
in which die net could not be totally submerged. In diis instance die first sweep was 
just above die pond bottom widiout disturbing the basal sediment.
2.12.3 Identification of larvae
The contents of the pond net were then washed whilst still in the net to remove as 
much mud and other debris as possible before being placed into shallow white trays 
for inspection. Examination in the tray was limited to 10 minutes per sweep. Larvae 
found were taken back to the laboratory for identification using a x20 microscope. 
The same keys were used for identification as those used for exuviae, namely 
Gardner (1954), McGeeney (1986), Miller (1995) and Gibbons (1986).
Determination to species level was not possible in all cases. The published keys used 
are all based on final instar larvae and many larvae collected were at earlier stages of 
development.
2.13 Validation of method
A number of independent tests were applied to the results to see how effective the 
transect methodology was at assessing odonate populations. The following features 
were looked for:
• a consistency between different observers.
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• a consistent phenology for individual species,
• a consistency of results by section,
• a consistency between results for adults, exuviae and larvae,
• an agreement between the full data set and reduced effort transects.
The first three tests are based on those used by Brooks (1993) to verify the transect 
method he used for monitoring adults at Cornmill Stream.
2.14 Assessment and comparison of the value to Odonata of the four water 
bodies
Similarity of species occurring at aU four sites wcus looked for to see if theiig. was 
such a thing as a typical Blackwater Valley odonate assemblage.
The differences between the four sites were examined to see if the sites supported 
different odonate assemblages or not. Density and relative abundance figures were 
calculated for both adults and exuviae to enable this comparison.
The effects of age and fish stocks at each site were examined by looking for 
differences between the odonate assemblages of the matched pairs of sites.
2.15 Selection of species for detailed analysis
Data collected was extensive and is applicable to the 17 breeding species recorded. 
Examination of aU these species for detailed habitat requirements would not 
necessarily produce results useful for conservation purposes. Detailed analysis of 
habitat requirements was restricted to species for which there is a current need for 
data about their ecology and behaviour to enable conservation measures to be 
drawn up.
Three species included in the Rare Dragonfly Project were recorded breeding 
during this study, these were aU chosen, together with two commoner species, were
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typical of the Blackwater Valley gravel pits, for which specific data has been 
requested through the Collective Knowledge Project (Cham 1996b).
For each species the fuU. data set (using all adult transects carried out) was used to 
compile flight period phenology histograms. Sections with proof of breeding, in the 
form of exuviae, were used to determine upper and lower Umits for all habitat 
factors measured. These results were analysed to discover the critical habitat 
parameters for each species.
2.16 Statistical analysis
Statistical analysis was carried out using Microsoft Excel software for correlation 
coefficients and the Chitest.
The correlation coefficient was used to test the similarity of odonate assemblages at 
different sites, at one site during different years, the similarity of the assemblage 
measured by the full data set compared with the reduced effort data set
The Chitest was used to examine the association between individual species and the 
presence or absence of habitat features.
The Spearman rank coefficient was used to test for association between fish stocks 
and breeding Odonata, this was calculated manually.
Appendix IX gives details of calculations used for these three statistical tests.
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3. RESULTS
3.1 Pilot siitvey
The desk study revealed that there were 95 separate water bodies, clearly too many 
to survey in detail during the project, (Table 3 and Appendix I). The decision was 
taken to select representative water bodies to be studied.
The majority (83%) of the water bodies m the Valley haŸe been created since 1960, 
practically all of these are ex-gravel workings. Lakes have been dug at a fairly 
constant rate so slightly more lakes were dug in the 20 year period 1960-1979 (46 
lakes) than in the 14 year period 1980-1993 (32 lakes).
Size of lakes vary but most fall into the medium category.
Angling is by far the most common recreational use of the lakes 48 (51%) being so 
used. Amenity (18 lakes) and nature conservation (17 lakes) are faitiy equal in 
number as the second most popular use. Water sports and flood water balancing 
ponds are well represented uses but far fewer in number. Many pits have more than 
one use, most of the pits used for conservation are also managed for amenity 
(Appendix I).
3.2 Site selection
Site selection was based on the age, size and use of the pit as these were considered 
material factors affecting the habitat and its usefulness for odonates.
The effects of angling and age were chosen as features to investigate. Two paies of 
lakes were selected (Table 4 & Figure 3), an older pair Group A and a recently dug 
pair Group B, Within each group one lake (No.l) was managed for nature 
conservation with fish stocks kept to a nainimxmi, whilst the other lake (No.2) was 
used for angling and stocked with fish (Table 4).
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Table 3. Classification of water bodies in the Blaclrwater 
Valley by age, size & use.
Age No. of pits
Pi-e 1900& 12
1900k-1950’s 4
1960s-1970’s 46
1980S-1993 32
Size
Small (<5,000m^) 31
Medium (5,000m^ - 50,000m^) 49
Large (>50,000m^) 14
Use
AngHng 48
Amenity 18
Conservation 17
Balancing Pond 8
Water sports 8
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Table 4. Age, size and use of the four selected study 
sites.
Age Size Use Comment
Group A, older lakes
Al 1960’s Medium Conservation
A2 1970’s Medium Angling
Group B, younger lakes
B1 1992 Medium Amenity
Conservation
Complex of 8 inter linked 
small ponds on site of 
1950’s silt beds.
B2 1993 Medium AngHng Originally dug 1950’s 
reprofiled 1993.
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3.3 Assessment of habitat suttounding study sites
3.3.1 Group A (older pits)
The older pair of pits comprise Al and A2 (Figure 4) located within Frimley 
Hatches, Surrey. Frimley Hatches gravel complex now consists of four fishing lakes 
plus two non fishing lakes put aside for conservation. The area was worked for 
gravel between the 1950’s and 1980’s. The majority of lakes are now surrounded by 
secondary woodland, mainly Birch, {Betu/a spp.), Alder {Almis glutinosd) and Willow 
{Salix spp.). Mature trees of Oak {Quercus robur)^  Holly {Ilex aquifolumi) and Beech 
{Fagm sylvaticd) mark the lines of the old field boundaries left intact between zones 
of extraction. One field of the original site was not worked, this has remained 
unmanaged for many years developing into an area of long grass, Bracken {Pteridium 
aquilinum) and scrub. The River Blackwater runs through the site close to both study 
pits. The construction of the A331, a dual carriage way, in 1992-94 through the site 
resulted in the destruction of two fishing lakes and a sizeable area of scrub, 
woodland and grassland. The two study lakes were not directly affected.
3.3.1.1 Site Al, (Finger Lake)
Al is the older of the pair, being worked from the 1950’s into the 1960’s. The lake 
was dug ‘wet’ using a drag-line fixed at one end but moveable at the other, hence 
the finger like shape resulting from ridges of overburden remaining after extraction. 
Following extraction part of this lake was used as a sût pond so forming marsh and 
shaUow water conditions at its northern end (sections six and seven of the 
transects). This lake was initiaûy stocked with fish and used for angling but the 
majority of these fish were removed by netting when the lake was put aside for 
nature conservation in the 1980’s (Plates 1 & 2).
3.3.1.2 Site A2 (Hatches, Pit Two)
A2 was dug dry during the 1970’s. It is managed as a club fishery, and stocked with 
a varietyr of coarse fish. It is surrounded by secondary woodland including non­
native species e.g. Italian Alder {Alms cordatd) planted after extraction. A tree 
covered island is sited in the lake (Plates 3 & 4).
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Figure 4. Map of group A (older sites) and 
surrounds.
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Plate 1. Site A l, section 3 & 4, 2 May 1994. 
T P
Viewed from section 4 south-west across section 3. Note similarity to Site A2.
Bankside trees category E (81-100% cover).
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Plate 2. Site A l, section 6, 2 May 1994.
V A .
'  ?
View across southern end of this section. Fen vegetation dominated by Typha 
latifolia. Al was the only site with this type of habitat present.
Male Sympetrum sanguineum were regularly seen holding territory on this section. 
Searching for exuviae amongst the many stems of Typha and Juncus growing in the 
deep silt met with little success.
Emergent plants category E (81-100% cover).
Bankside trees category E (81-100% cover).
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Plate 3. Site A2, section 2 & 3, 2 May 1994.
Viewed from section 2 eastwards across section 3, section 5 in background.
All sections at this site had similar habitat of many bankside trees overhanging a 
narrow fringe of marginal vegetation.
Bankside trees category E (81-100% cover).
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Plate 4. Site A2, section 5, 2 May 1994
Viewed north-westwards across section 5 towards section 3. Note fishing platforms 
just visible in foreground and on centre of opposite bank.
Bankside trees category E (81-100% cover).
Juncus effusus 'm foreground classed as short marginals, category C (41-60% cover) for 
the entirety of this section.
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3.3.2 Group B (younger pits)
Group B lies within a complex of gravel pits initially extracted in the 1960’s between 
Ash Vale, Surrey and Aldershot, Hampshire. The complex Hes either side of the 
River Blackwater and just to the north of the Basingstoke Canal, which, at this point 
crosses the Valley floor on the raised Ash Embanlonent (Figure 5). The 
construction of the A331 caused much change to the area with opportunity taken to 
reconstruct both of the two study sites.
The lakes to the east of the A331 received less damage during road construction. 
Three large lakes remained undamaged together with the surrounding woodland, 
grassland and scrub areas. A small pond was destroyed, and a small lake was badly 
damaged by the river diversion that was needed to accommodate the new road. 
Ecological surveys showed this lake was one of the richest sites in the Blackwater 
Valley for wetland plants and invertebrates including the highest species count for 
odonates (Thurner 1991). A variety of new water bodies were constructed following 
road construction, a ditch and two ponds with small reed beds were buüt to cope 
with road run off. A series of small ponds were also dug specifically to create a 
similar habitat to that being lost due to road construction.
Spring Lakes to the west of the A331 was subject to extensive earthworks. All the 
lakes in this complex being drained and reprofiled to be suitable for commercial 
fishing. During work the majority of vegetation and trees on this site were lost. The 
water bodies on this site now comprise four large lakes used for angling, four ponds 
set aside for nature conservation so not stocked with fish, a section of the River 
Blackwater and a small reed bed used to treat road run off.
3.3.2.1 Site B1 (Lakeside Ponds)
Site Bl, Hes to the east of the new A331. It consists of a series of new ponds dug in 
a deHberate attempt to create a similar habitat to that being lost due to road 
construction (Plates 5-8). A member of the Dragonfly Conservation Group (an arm 
of the British Dragonfly Society) visited the site before excavation started and gave 
advise on design. The new ponds were dug on the site of old silt ponds that had 
dried out and reverted to secondary Birch woodland. They incorporated an old
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stretch of rivet* that had been cut off during initial gravel operations and one of the 
old silt ponds that still retained water, this pond was made shallower by being 
partially infilled during the work.
3.3.2,2 Site B2 (Lake Gold)
B2 is part of the Spring Lakes fishery, that lies to the west of the A331 and River 
Blackwater. During road construction the whole site was drained and intensive work 
carried out including complete reprofiling of the four main lakes using imported fill 
to create a purpose designed commercial fishery. The design aimed to produce 
straight steep sided banks and an even depth of water across each lake. Wooden 
fishing platforms were buüt at c.lOm intervals around the banks (Plates 9-12).
B2 was allowed to refill from its natural springs starting on 1 July 1993, the lake was 
full and overflowing on 6 August 1993. During September 1993 the lake was 
stocked heavily with coarse fish. It is used intensively for day ticket and match 
fisliing.
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Figure 5. Map of group B (younger sites) and 
surrounds.
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Plate 5. Site B l, section 2 ,1  May 1994.
Viewed eastwards from south-west corner. Photograph taken early in the year 
before taU marginals had reached full height.
Bankside trees category A (0-20% cover). 
Short marginals category E (80-100% cover). 
TaU marginals category A.
Floating leaved plants category A.
Plate 6. Site B l, section 6 ,1  May 1994.
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Viewed from southern end of section.
Tall marginal category A (0-20% cover). 
Short marginals category D (60-80% cover).
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Plate 7. Site B l, section 2, 15 August 1995.
Same view as Plate 5.
Note extent of drying with just a small shallow area still holding water (which dried 
entirely later in the month). Also note development of tail marginal vegetation since 
May 1994.
Aeshna mixta larvae could not survive the drying and no exuviae were found of this 
species in 1995, but ovipositing females were present and 116 exuviae were found 
the following year.
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Plate 8. Site B l, section 6 ,15  August 1995.
Similar view to Plate 6.
Despite drought conditions, this section still holding water but levels down slightly 
(compare with section 2, Plate 7).
Note extent of floating leaved plants, category D (60-80% cover).
6 6
Plate 9. Site B2, section 4, 2 May 1994.
Viewed from south-east corner of section. Bank of section 5 in background.
Coir roll with marginal vegetation placed as erosion control measure clearly visible.
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Plate 10. Site B2, section 6, 2 May 1994.
Viewed from east end of section, section 3 in background.
Note exposed nature of shoreline with little marginal or bankside vegetation. 
Angling platforms in use.
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Plate 11. Site B2, section 4 ,1 5  August 1995.
Same view as Plate 9.
Water levels unaffected by drought conditions unlike Site Bl (compare Plates 7 & 
8).
Vegetation on coir roll developing. TaU and short marginal both category C (40- 
60% cover).
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Plate 12. Site B2, section 6, 15 August 1995.
Same view as Plate 10.
Note revetment work to banks, contributing to bankside and marginal vegetation 
still being absent.
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3.4 Physical habitat
The distance of transect was similar for aU sites, but difficulty of access limited the 
transect route to about half of the total length of banks of A1 (Appendix II, figure 
1). The total area of the water bodies varied. B2 was the largest being nearly five 
times larger than Bl, the smallest (Table 5).
A1 was shallow, five of the sections being less than one metre deep (Table 7). AU 
sections of A1 showed a slight faU in water level in 1994 with a partial drying of 
section 1. This was a result of road construction works temporarUy removing an 
outlet pipe on the adjacent lake to which A1 is hydrologicaUy connected.
A2 was the deepest of the study sites, depths ranged between 2.3m to 2.7tn (Table 
8). The shaUowest section here being deeper than the deepest section of any other 
site. Water levels at A2 did not noticeably alter during the three years.
Bl was a series of shaUow ponds, only one of the ponds exceeding Im in depth 
(Table 9). Bl was the only site which showed a tendency for a large summer draw 
down in water levels. This happened in aU three years but most markedly during 
1995 when aU but one section dried out (Table 6).
B2 had consistent water depths of 1.8m to 2.0m, this reflected its purpose buUt 
design for match fishing (Table 10). Water levels remained static during the three 
years at B2, it is spring fed and the outlet is controUed by a pipe that is adjusted to 
maintain a constant level.
Table 5. Summary of habitats of tlie four sites.
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A1 A2 B l B2
Date created/restored 1960’s 1970’s 1993 1993
Bank length (m) 582 584 804 678
Area (m^ ) 9200 14600 5100 24600
No. of plant species 31 30 62 29
Fish stocks A C A E
Key to categories for fish stocks
A = single figures, B = low density, <200kg/ha, C = medium stocking <500kg/ha, 
D  = heavy stocked, <1000kg/ha, E = very heavy stocking >1000kg/ha.
Table 6. Water level fluctuation by section at B l.
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Section
Date 1 2 3 4 5 6 7 8
1994 PD PD D D PD D
1995 D D D D D D D
1996 PD D PD
Key to categories
D  = drying, bottom of pond exposed across entire section
PD = partial drying, bottom of pond exposed across part of section
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3.5 Vegetational analysis
The vegetation of A1 is summatised in Table 7. Emergent plants were present in six 
sections and submerged plants in five sections. A feature of this site was its wooded 
nature, bankside tree cover was >80% for all sections, with trees present within the 
water body on four sections.
The summary of habitat at A2 is shown in Table 8, Emergent plants within the 
water body were absent. In contrast submerged plants were present in aU sections, 
at high levels in five of the six sections. Floating leaved plants were scarce, only 
being found at low density in three of the sections. Banks generally had a high level 
of tree cover.
Bl had at least twice as many plant species as any of the other sites.
Table 10 gives the details of the habitat of the sections at B2. The low levels of 
plant cover is notable both within the water body and at the bankside. Section 4 
had <40% cover for both tail and short marginals, aU other section had <20% for 
these categories. The variety of plants recorded was generally low but on section 4 
was comparatively high at 19 species. This was due to a coit fibre roll pre-planted 
with marginal plants being placed along this shore as an erosion control measure 
(Plate 9 & 11). Tree cover over the water body and emergent plants was completely 
absent whilst floating leaved plants only occurred on two sections and then at low 
levels. Artificial banks were a feature of all sections due to the construction of 
wooden fishing platforms, sections 5 and 6 were completely edged with wooden 
planking (Plate 12).
Table 7. Summary o f  habitat by section at A l.
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Section
1 2 3 4 5 6 7
Water body
Area (m^ ) 990 1300 1000 480 4370 510 550
Depth (m) 0.1 0.9 1.4 1.3 0.6 0.1 0.1
No. of plant species 8 8 7 6 11 14 11
Tree cover E - A - - A D
Emergent plants A - A A B E D
Floating leaved plants - - - - - - -
Submerged plants C D D D C - -
Bankside
TaU marginals - - - - A A B
Short marginals c C C D C C D
Bankside trees E E E E E E E
Bare /  artificial banks - A A - - - -
Key to categories
- =  not present, A = 1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100%
Table 8. Summary o f  habitat by section at A2.
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Section
1 2 3 4 5 6
Water body
Area (m^ ) 4860 1050 1760 2300 2900 1700
Depth (m) 2.3 2.6 2.6 2.7 2.5 2.7
No. of plant species 7 12 8 10 17 7
Tree cover - A - - - A
Emergent plants - - - “ - -
Floating leaved plants - - A A A -
Submerged plants D D D D B D
Bankside
Tall marginals - A - A A -
Short marginals A B C C C B
Bankside trees E C D E E E
Bare /  artificial banks A A A A A A
Key to categories
- =  not present, A = 1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100%
Table 9. Summary o f  habitat by section at B l.
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Section
1 2 3 4 5 6 7 8
Water body
Area (m^ ) 780 1900 120 1200 80 570 380 90
Depth (m) 0.3 0.6 0.4 0.5 <0.1 1.2 0.3 <0.1
No. of plant species 29 34 16 28 14 31 28 22
Tree cover A - - - - - - -
Emergent plants A A D D E A B E
Floating leaved 
plants
A A B D D
Submerged plants D C D C - C D C
Bankside
Tall marginals B A - B - A B A
Short marginals E E E D E D E C
Bankside trees C A - A C B B -
Bare /  artificial banks - - - - A - -
Key to categories
- =  not present, A = 1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100%
Table 10. Summary o f  habitat by section at B2.
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Section
1 2 3 4 5 6
Water body
Area (m^ ) 2800 5400 4500 2600 3300 6000
Depth (m) 1.8 2.0 1.8 1.9 1.8 1.9
No. of plant species 4 7 8 19 6 9
Tree cover - - - - - -
Emergent plants - - - - - -
Floating leaved plants - - A - - A
Submerged plants A A B A A A
Bankside
TaU marginals - - - C - A
Short marginals A A A C A A
Bankside trees A C C - - -
Bare /  artificial banks B A A A E E
Key to categories
- =  not present, A = 1-20% cover, B — 21-40%, C — 41-60%, D  — 61-80%, E = 81-100%
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3.6 Fish stock analysis
Fish stocks were very low in both Bl and A l, very heavy in B2 and medium in A2. 
(Table 5).
3.7 Water analysis
Detailed results of the water parameters, broken down by section for Winter and 
Summer measurements are given in Appendix V. The results are summarised in 
Table 11. Care should be taken when interpreting these tables as the total number 
of samples taken was low. The mean figures for the whole water body, given in 
Table 11, hide considerable differences between some sections.
B2 had the highest measurements for ammonia, potassium, sodium and 
conductivity. A2 had significant ammonia levels. High levels of both nitrate and 
nitrite were found in B2 and Al.
The pH was similar for all sites, being sUghtly alkaline, mean levels ranging between 
pH 7.1 and pFI 7.5.
3.8 Sediment analysis
AU sites had sand as the dominant substrate Table 12. The basal sediments of B2 
and A2 were gravely sands, whUst the sediment at Bl was a sUty sand. A l had faitly 
equal secondary components of sUt and gravel.
Organic matter was significantly higher in Al (mean 21.9%) than the other three 
sites which ranged from 2.7% to 5.8%. The organic matter was very variable 
between the sections at A l, sections 1, 6 and 7 aU having values over 30% (Table 
12).
Table 11. Water parameters for the four pits (mean of 
Summer and Winter values).
79
Al A2 Bl B2
Amtnotiia p.p.m. 0.23 0.5 0.14 1.09
Nitrate p.p.m. 1.65 <0.1 <0.1 0.67
Nitrite p.p.b. 14.75 3.1 5.3 19.9
Potassium p.p.m. 4.1 3.5 4.0 7.9
Sodium p.p.m. 16.9 11.7 18.7 22.5
Temperature 7.3 15.3 14.6 14.3
pH 7.2 7.4 7.5 7.1
Oxygen mgl 10.0 11.3 10.7 10.2
Conductivity ps 304 305 329 499
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Table 12. Sediment results by section, 
a) Sediment by section for A l .
Section
1 2 3 4 5 6 7 Mean
Silt & clay % 9.3 3.2 6.6 7.7 10.7 25.5 5.3 9.76
Sand % 76.7 72.5 62.1 88.6 74.3 71.1 73.6 74.1
Gravel % 14.0 24.3 31.3 3.7 15.0 3.4 21.1 16.1
Organic matter % 56.4 3.5 1.7 5.8 12.2 30.3 43.1 21.9
b) Sediment by section for A2.
Section
1 2 3 4 5 6 Mean
Silt & clay % 3.5 0.1 1.2 10.5 5.8 2.8 4.0
Sand % 71.2 33.3 51.7 84.9 91.6 71.6 67.38
Gravel % 25.3 66.6 47.1 4.6 2.6 25.6 28.6
Organic matter % 3.8 2.5 3.1 10.6 1.6 1.2 3.8
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Table 12 (continued) Sediment results by section, 
c) Sediment by section for Bl.
Section
1 2 3 4 5 6 7 8 Mean
Silt & clay % 6.3 8.5 16.0 15.8 7.7 5.5 14.7 15.9 11.3
Sand % 81.8 89.2 83.9 83.2 88.9 81.4 85.0 83.6 84.6
Gravel % 11.9 2.3 0.1 1.0 3.4 13.1 0.3 0.5 4.1
Organic matter % 6.0 8.41 1.1 2.3 9.0 2.5 5.4 11.7 5.8
d) Sediment by section for B2.
Section
1 2 3 4 5 6 Mean
Silt & clay % 4.5 11.1 5.6 3.4 6.1 8.2 6.5
Sand % 61.7 79.7 50.2 67.5 70.3 87.9 69.6
Gravel % 33.8 9.2 44.2 29.1 23.6 3.9 24.0
Organic matter % 4.6 3.4 4.3 1.7 0.1 1.8 2.7
Table 13. Sediment for aU sites.
8 2
A l A2 B l B2
Silt & clay % 9.8 4.0 11.3 6.5
Sand % 74.1 67.4 84.6 69.6
Gravel % 16.1 28.6 4.1 24.0
Organic matter % 21.9 3.8 5.8 2.7
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3.9 Weather
1994 had the highest rainfall and was the only year during the study period to have 
higher rainfall than the long term average. 1996 was the driest year. AU three years 
had lower than average rainfaU during the summer period. May to September, when 
the adult transects were being carried out. 1995 was the driest summer, with the 
period AprU to August being exceptionaUy dry. Heavy rains in September of 1995 
were over twice this months long term average and went some way to offsetting the 
drought conditions and lowered water tables that the dry summer had created.
DaUy average niioimum summer temperature (May to September) were mostly close 
to or above the long term average, the only exception being May 1996. Daily 
average maximum summer temperatures were also mostly average or above, the 
only exceptions for this parameter being May 1994 and 1996. 1995 was the hottest 
summer both July and August being hotter than any other month during the study 
period.
FuU detaUs of monthly rainfaU, maximum and minimum temperatures are given in 
Appendix III.
3.10 Adult transects
The fuU data set assembled consisted of the results from 188 accepted transects. (A 
number of transects were carried out that did not meet the weather criteria. Six 
were later repeated in better conditions, the results from the original transects being 
discarded). The transects took approximately 200 hours to complete. A total of 
35,798 individual insects were recorded of 22 different species.
The core data set results (compiled from the nine selected biweekly transects) for 
the adult odonates are given in Table 14 (by year) and Table 15 (by section). Results 
in both tables are expressed as a density figure calculated as numbers per 100m of 
transect.
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3.10.1 Results for adult transects by year
3.10.1.1 A l
During the study 17 different species were recorded, 12 seen every year. Ten species 
were seen attempting to breed in the study period, seven species having breeding 
activity in all three years.
1994 was the best (or equal best) year for 8 species.
In aU three years 'Biythromma najas had the highest density for any species (mean 
density 24.7). Coenagrion pnella (mean density 14.0) had higher density values than 
Ena/lagma cjathigermn (mean density 5.4) for aU years and aU sections.
3.10.1.2 A2
During the three years 14 species were seen at A2, 11 showing breeding activity. 
Eleven of the species were recorded in all three years, five species attempting to 
breed each year.
1994 was the best (or equal best) year for 7 species. Enallagma cyathigenm and 
Eiythivmma najas maintained high density values for aU three years. Enallagma 
(yathigemm (mean density 29.6) had considerably higher density values than Coenagrion 
prnlla (mean density 4.1) for all years and all sections. In all three years Eiythmmma 
ncjas (mean density 70.9) had the highest density for any species.
3.10.1.3 B l
At Bl, 22 species were seen during the three years, 14 of which showed evidence of 
attempted breeding. Seventeen species were seen every year, 8 showing evidence of 
attempted breeding. The other 5 species were only recorded in one year and at low 
density values. For the 17 ever present species 1994 produced the highest density 
scores for 14 species, whUst 1995 was the worst year at the site for 12 species.
The density figure of 130.1 for Ischtura elegans in 1994, and 16.4 for listes sponsa in 
1996 were considerably higher than the indices for these species in the other years. 
Ischnura elegans had the highest density value for any species in all three years.
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3.10.1.4 B2
At B2 11 species were seen during the three years, seven of which showed evidence 
of attempted breeding. Seven species were present every year, but only Orthetrum 
cancellaUm was seen to attempt to breed every year. The indices for all species were 
low, the highest species density (three year mean) for any one species at the site 
being 5.5 for Ischnura elegans.
3.10.2 Results for adult transects by section
Adult transects results for the individual sections of each site are given in Table 14.
3.10.2.1 A l
Section 5 was the only section in Al in which all 17 species seen at this site were 
recorded. Cordulia aenea and Somatochlora metallica were only seen in sections 2, 4 and 
5.
3.10.2.2 A2
At A2 section 2 had the highest density values for 9 species.
3.10.2.3 B l
The highest density values for seven species were recorded on section 2, for six 
species on section 4, and for five species on section 3 (Table 14c).
3.10.2.4 B2
Section 4 had the highest density scores at B2 for six of the 11 species.
Table 14. Adult density by section (numbers seen pet
100m).
a) Adult density by section fot A1 (3 year mean).
8 6
Section
1 2 3 4 5 6 7
C. spkndens 0.5 0.6 0.6
L. sponsa 7.5 39.5 17.4 35.2 3&6 13.1 5.1
P. f^ mphula 0.6 1.0 9.3 8.1 10.8 8.0
L ekgans 0.6 6.2 3.1 3.1 5.4 9.9 5.9
JB. cyathigerum 1.7 17.6 8.2 5.6 8.4 0.2
C. pmlla 9.8 6.7 11.8 37.0 22.2 5.7 13.1
JB. najas 54.8 26.7 50.6 59.5 0.2
Undet. Zygoptera 27.0 541.9 341.0 416.7 659.5 129.5 127.8
A . grandis 7.6 4.6 6.8 10.8 3.2 0.4
A . cyanea 1.0 0.6 0.9
A , mbcta 0.6 2.4 3.1 3.1 9.3 3.9
A , imperator 1.4 2.1 1.2 2.7
C, aema 1.9 1.2 2.1
S, metallica 0.5 1.9 1.2
JL quadrimaculata 0.3 0.2
0 . cancellatum 1.2
S. striolatum 2.3 3.3 4.6 7.4 7.5 3,0 2.1
S, sanguinmm 0.6 6.4 0.8
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Table 14 (continued). Adult density by section (numbers
seen per 100m).
b) Adults density by section for A2, (3 year mean).
Section
1 2 3 4 5 6
C spkndens 1.8 1.9 1.0 1.6 1.4
JL sponsa 1.6 11.1 5.4 4.1 6.1 0.3
P. T^mphula 8.2 4.1 3.6 0.7
L ekgans 3.0 15.9 10.1 5.1 7,4 6.1
E. cyathigemm 26.3 33.8 26.4 27.6 30.4 35.0
C. pmlla 2.0 7.7 3.9 6.0 4.2 3.1
E. najas 65.7 77.3 131.8 84.8 54.0 51.7
Undet. Zygopteta 175.3 234.3 310.9 167.9 161.2 171.4
A . grandis 1.2 4.3 2.3 3.5 1.6 1.4
A , mixta 1.0 2.9 1.6 1.0 0.3 1.4
A , imperator 0.4
C, aenea 2.2 4.8 5.4 2.2 1.0 0.7
J'. metallica 0.3 0.3
0. cancellatum 2.2 0.5 1.6 0.6 1.9 0.7
S, striolatum 2.4 2.9 1.6 0.6 0.3 1.0
Table 14 (contmued). Adult density by section (numbers
seen per 100m).
c) Adult density by section for B l, (3 year mean).
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Section
1 2 3 4 5 6 7 8
C spîendens 6.0 2.3 2.2 2.3 1.7 0.4 1.1 1.2
JL sponsa 3.4 12.1 5.6 7.3 0.8 7.2 2.8
P. pennipes 0.6
P. t^ mphula 4.8 1.9 2.2 5.3 1.6 2.2 1.2
I. ekgans 82.9 66.0 33.3 35.6 12.5 88.6 110.4 177.2
E. cyathigemm 2.3 10.9 5.6 10.0 3.3 3.8 1.7 1.9
C. puella 28.5 19.3 37.8 22.8 15.0 16.3 14.8 16.7
E. ncjas 1.7 56.6 16.7 28.8 34.7 8.4 1.2
Undet Zygopteta 200.3 257.4 312.2 361.4 83.3 130.6 193.3 106.8
B.pratense 0.6 1.9 3.5
A , grandis 7.4 6.6 7.8 9.8 8.7 5.6 3.1
A , cyanea 0.3 0.2 0.3
A , mixta 3.1 7.2 5.6 10.3 2.9 5.0 5.6
A . imperator 0.3 6.2 2.2 5.8 0.8 3.6 0.6 1.9
C. aenea 0.3 3.9 2.2 4.5 2.5
S. metallica 0.6 1.1 0.3
JL depressa 0.3 3.9 2.2 0.5 0.2 0.3 2.5
E  quadrimaculata 0.9 17.7 15.6 14.3 5.8 6.2 2.5
0. cancellatum 0.9 17.9 12.2 6.0 0.8 2.0 1.4 3.1
S, striolatum 24.5 39.9 80.0 55.4 20.0 17.2 17.1 13.0
S. sanguineum 5.8 7.8 7.0 2.5 0.6 0.6
S. danae 0.3
S.flaveolum 0.2 2.2 0.5
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Table 14 (continued). Adult density by section (numbers
seen per 100m).
d) Adult density by section for B2, (3 year mean).
Section No.
1 2 3 4 5 6
C  spkndens 0.3 0.3
P. nymphula 0.6 0.5
L ekgans 6.5 4.5 9.8 13.0 0.5
E, cyathigemm 1.0 1.0 1.3 5.3 0.3
C. puella 1.4 1.0 0.8 0.3
E. najas 7.4 1.7 1.0 5.7 0.3 1.6
Undet. Zygoptera 8.7 6.9 5.7 19.9 1.3 1.4
A . grandis 0.3 0.7 0.5 0.4
A> mbcta 1.0 0.5 0.8 1.6 0.3
C. aenea 0.4
0. cancellatum 2.6 1.7 1.0 10.6 4.0 2.4
S> striolatum 1.3 1.7 3.1 7.3 0.3
90
Table 15, Adult density by year (numbers seen per
100m).
a) Adult density by year, A l.
1994 1995 1996 Three year 
mean
C spkndens 0.3 0.3 0.2
L. sponsa 2&5 24.4 15.8 22.2
P. nymphula M M 49 6.4
L ekgans 3.8 M 16 5.7
E. cyathigemm M 10 M 5.4
C. puella 16.5 M 16.7 14.0
E. najas 383 25.1 13.6 25.7
Undet. Zygopteta 363.2 325.4 271.3 32&0
A . grandis 40 47 33 5.0
A . yanea 0.9 0.2 0.3
A . mixta 3.6 16 2.9 3.7 .
A . imperator 12 15 0.3 1.0
C  aenea 1.2 0.5 0.5 0.7
S. metallica 0.2 1.2 0.5
JL quadrimaculata 0.2 0.2 0.1
0. cancellatum 0.2 0.5 0.2
S, striolatum 15 16 4.3
S. sanguineum 1.5 2.4 1.5 1.8
Underlined figures = evidence o f breeding (copulating pairs or oviposifion)
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Table 15 (continuée^. Adult density by year,
b) Adult density by year for A2.
1994 1995 1996 Three year 
mean
C  spkndens 0.2 0.7 3.4 1.4
E  sponsa 42 17 2.2 4.1
P. nymphula 45 0.3 0.5 2.5
L ekgans 45 L5 12 6.7
E. cyathigemm 39.7 28.8 20.4 29.6
C. puella L9 1.2 43 4.1
E. najas 81.2 49.1 82.5 70.9
Undet. Zygoptera 242.8 191.3 129.3 187.8
A . grandis 22 27 15 2.2
A , mixta 1.0 1.5 10 1.2
A , imperator 0.2 0.2 0.1
C. aenea 41 1.7 23
S. metallica 0.2 0.2 0.1
0. cancellatum 27 0.2 1.2 1.4
S. striolatum 12 14 19 1.5
Underlined figures = evidence of breeding (copulating pairs or oviposifion)
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Table 15 (continued). Adult density by year,
c) Adult density by year for B l.
1994 1995 1996 Three year 
mean
C spkndens 7.6 1.1 1.5 3.4
Lw sponsa 1.4 0.6 16.4 6.1
P. pennies 0.1 0.03
P. nymphula 46 41 2.7 3.2
I. ekgans 130.1 43.3 65.9 80.3
E, yathigemm 41 44 43 5.6
C  puella 2&5 14.4 19.3 20.9
E. najas 38.7 16.5 20.1 25.3
Undet. Zygoptera 447.5 208.0 186.6 282.5
B,pratense 07 0.6 17 1.0
A . grandis 11.5 40 42 7.0
A . yanea 0.4 0.1
A . mbcta 02 45 46 5.5
A . imperator 46 1.7 14 3.2
C. aenea 43 1.2 0.9 2.2
S. metallica 0.5 0.2
JL depmsa 20 1.6 0.4 1.3
JL quadrimaculata 12.7 3.6 08 8.7
0. cancellatum 12.5 45 16 5.9
S. striolatum 50.0 18.8 29.5 33.0
S. sanguineum 0.4 2.0 7.2 3.2
S. danae 0.2 0.1
S.flaveolum 0.6 0.2
Underlined figures =  evidence o f breeding (copulating pairs or oviposifion).
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Table 15 (continued). Adult density by year,
d) Adult density by year for B2.
1994 1995 1996 Three year 
mean
C  spkndens 0.1 0.1 0.1
P. tymphula 0.3 0.3 0.2
I. ekgans M 1.5 6.5 5.5
E. cyathigemm 16 0.4 18 1.3
C. puella 10 0.1 0.7 0.6
E. najas 14 27 1.0 2.7
Undet. Zygoptera 13.6 21 14 6.7
A . grandis 0.6 0.4 0.3
A . mixta 0.3 0.6 10 0.6
C. aenea 0.1 0.5
0. cancellatum 19 OJ 11 3.2
S. striolatum 11 15 2.1
Underlined figures — evidence o f breeding (copulating pairs or oviposifion).
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3,11 Exuviae collection
During the three year study 48 exuviae collections were carried out, this took 97 
hours with a further 50 hours (estimated) required to identify the specimens. A total 
of 5848 exuviae were collected with 5555 being identified to species. Seventeen 
different species were thus confirmed as breeding.
Appendix VI shows the numbers of exuviae collected at each site.
3.11.1 Results fot exuviae collection by year
Table 16 gives the results for the exuviae collections by year.
3.11.1.1 A l
At Al, 15 species were confirmed breeding by being found as exuviae. Coenagrion 
puella the most numerous species every year, Aeshna g r a n d is the most
numerous anisopteran with over 20 being found every year, other anisopterans were 
only found in very low numbers.
3.11.1.2 A2
Twelve species were found at this site, 9 species being found in every year. 
Enallagma yathigerum was the most numerous species at this site, total exuviae 
number for this species greatly exceeding those for Coenagtion puella. The numbers 
OÎ Aeshna grandis vretçi notably greater in 1996 than the previous two years, whilst 
Ischnura ekgans had lower numbers in 1994 than the other two years.
3.11.1.3 B l
Exuviae of 17 species were found, 10 of these being found every year. Sympetrum 
striolatum was by far the most numerous anisopteran, it was the most numerous 
species overall in 1994 and 1996 but Coenagrion puella exceeded it in 1995. Aeshna 
mixta, Ee t^es sponsa, Cordulia aenea and Aeshna grandis were most numerous in 1996. 
The 1996 figure for Aeshna mixta of 316 is remarkable when compared with 22 for 
1994 and five in 1995. Only one Pynhosoma tymphula was found during the three 
years.
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3.11.1.4 B2
Only five species were recorded as exuviae and all in low numbers. Just 22 exuviae 
were found during the entire three years, only one in 1995 and none at aU in 1996.
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Table 16. Exuviae by year, 
a) Exuviae by year for A l.
1994 1995 1996
L. sponsa 11 4 9
P. nymphula 12 22 7
I. ekgans 5 14 12
E. cyathigemm 20 9 7
C. puella 46 122 154
E. najas 10 8 3
Undet. Zygoptera 6 31 13
A . grandis 39 22 33
A . cyanea 2
A , mbcta 2 1 2
A . imperator 1 2
C. aenea 3 1 4
S. metallica 1 4
E  quadrimaculata 1
0. cancellatum 1
S. striolatum 1
b) Exuviae by year for A2.
1994 1995 1996
E  sponsa 6 3 1
P. nymphula 2 2 4
I. ekgans 8 51 34
E. yathigemm 431 463 240
C. puella 24 55 42
E. najas 107 67 115
Undet. Zygoptera 9 90 30
A . grandis 7 8 40
A . mbcta 1 1
A . imperator 2
C. aenea 2 1 5
0. cancellatum 1
S. striolatum 1 1 2
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Table 16 (continued). Exuviae by year,
c) Exuviae by year for B l.
1994 1995 1996
L. sponsa 1 13
P. nymphula 1
L ekgans 82 23 12
E. yathigerum 64 16
C. puella 92 399 225
E. ncyas 11 58 5
Undet. Zygoptera 3 80 31
B.pratense 2 2 5
A . grandis 22 47
A . mixta 22 5 316
A . imperator 2 27 10
C. aenea 9
S. metallica 1 1
E  depressa 6 9
E  quadrimaculata 21 8 13
0 . cancellatum 3 17 3
S. striolatum 861 314 468
S. sanguineum 12 3
d) Exuviae by year for B2.
1994 1995 1996
I  ekgans 12 1
E. yathigerum 4
E. ncyas 3
0 . cancellatum 1
S. striolatum 1
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3.11.2 Results fot exuviae coUectiou by section
Results of the exuviae collection for each section are given in Table 17 expressed as 
numbers collected per hour searching.
3.11.2.1 A l
Sections 1, 6 and 7 all had five or less species found as exuviae whilst the other 
sections had nine or more species. Density values for the few species in sections 1, 
6 and 7 were mostly low but Vyrrhosoma nymphula had scores of 6.6 and 9.6 in 
sections 6 and 7.
Coenagrion puella was found in all sections with a mean density of 14.8. Enallagma 
cyathigemm was not found in sections 1, 6 or 7 with a low overall density of 1.6.
3.11.2.2 A2
Density values for Anisoptera were generally low, only Aeshna grandis being an 
exception with an overall density value of 2.8. This species and the six zygopteran 
species showed little variation between sections. Enallagma cyathigemm had very high 
density values with an overall mean of 58.8. The density of 15.0 for Erythromma ncyas 
was also high.
3.11.2.3 B l
The most productive section was section 6 with 16 species found as exuviae, seven 
species having highest density values in this section. No exuviae were found in 
section 5. Section 8 was the second lowest section with only four species, however 
JJbellula depressa had its highest density value here.
Coenagrion puella at density value 16.4 was far more numerous than Enallagma 
cyathigemm at density 1.8.
3.11.2.4 B2
Exuviae were only foimd on sections 1 and 4.
Table 17. Exuviae density by section (number collected
per hour searching.
a) Exuviae density by section for A l.
99
Section
1 2 3 4 5 6 7 Mean
jL sponsa 0.6 0.8 0.9 2.6 1.8 1.0
P. mmphula 0.3 0.9 2.0 6.6 9.6 2.8
I. ekgans 2.7 2.0 2.9 1.2 0.2 0.9 1.4
E. cyathigemm 3.9 4.1 2.0 1.0 1.6
C. puella 1.1 29.8 21.0 24.5 16.4 3.7 7.3 14.8
E. naias 0.4 2.6 2.0 0,8 0.8
Undet. Zygoptera 6.2 3.5 2.3 2.6 0.9 2.2
A . grandis 0.6 5.0 7.9 6.4 6.3 3.7
A . cyanea 0.4 0.2 0.1
A . mixta 0.6 0.6 0.2
A . imperator 0.3 0.4 0.1
C. aenea 0.4 0.9 0.8 0.3
S. metallica 0.4 0.3 0.6 0.2
JL quadrimaculata 0.2 0.03
0. cancellatum 0.4 0.1
S. striolatum 0.3 0.5 0.1
S. sanmineum 0.5 0.1
b) Exuviae density by section for A2.
Section
1 2 3 4 5 6 Mean
JL sponsa 0.5 0.3 0.4 0.9 0.6 0.4 0.5
P, nymphula 0.7 0.9 0.6 0.4 0.4
L ekgans 3.4 6.6 6.8 5.1 4.8 2.7 4.8
E. cyathigemm 56.6 46.2 74.7 46.4 75.0 53.5 58.8
C. puella 3.1 6.6 4.5 13.0 5.9 4.6 6.3
E. najas 14.2 9.2 15.8 15.4 22.4 11.5 15.0
Undet. Zygoptera 5.8 5.6 6.0 4.2 6.2 133 6.7
A . grandis 2.6 2.6 2.3 6.9 1.4 0.8 2.8
A . mixta 0.2 0.4 0.1
A . imperator 0.2 0.4 0.1
C. aenea 0.2 0.7 0.6 0.6 0.4
0. cancellatum 0.3 0.1
S. striolatum 0.2 0.3 0.8 0.2
1 0 0
Table 17 (continued). Exuviae density by section,
c) Exuviae density by section for B l.
Section
1 2 3 4 5 6 7 8 Mean
L. sponsa 0.7 0.4 0.5 0.3
P. mmphula 0.1 0.02
I  elemns 0.5 0.7 1.2 8.5 3.3 2.0 2.7E. cvathmrum 2.2 1.9 2.8 0.8 3.1 1.8
C. pmlla 15.9 5.8 15.1 17.9 30.2 24.8 3.0 16.4
E. najas 0.5 0.9 1.5 0.6 6.1 0.2 1.7
Undet. 1.0 2.1 2.3 2.7 4.6 3.5 2.6
j B .  pratense 0.1 0.6 0.4 0.2
A , grandis 0.5 1.4 2.3 2.0 3.4 1.6
A . mbcta 1.8 10.7 5.7 7.3 4.4 17.0 7.8
A . imperator 0.7 0.4 1.0 2.2 0.7 0.9
C. aema 0.9 0.2 0.2
S. metallica 0.2 0.05
L. depmsa 0.8 0.2 0.2 5.9 0.3
L .  auadiimaculata 1.6 0.4 0.6 1.7 0.3 1.0
0 . cancellatum 1.1 0.4 0.5 0.2 0.5 0.5
S. stiiolatum 42.4 36.6 49.1 38.1 57.4 0.5 37.6
S. sanmineum 0.2 0.6 0.6 0.5 0.3
d) Exuviae density by section for 32.
Section
1 2 3 4 5 6 Mean
J. elemns 3.9 1.2 1.1
E. cvathizerum 1.6 0.3
E, naias 1.2 0.3
0 . cancellatum 0.4 0.1
S. striolatum 0.4 0.1
1 0 1
3.12 Results for larvae collection
Larvae were collected twice at each site during 1995 (eight collections). These 
collections took 22 hours 20 minutes to complete, with a similar time required to 
identify the larvae. A total of 347 larvae were collected, and 10 different species 
recognised but 76 specimens could not be identified to species level.
No larvae at aU were found at B2, totals of larvae collected at the other three sites 
are given in Table 21. Results for the separate sites broken down by section are 
given in Appendix VI.
Whereas no species were found as larvae at B2, site Bl had 10 species, Al five 
species, A2 had just four species aU zygopterans. Numbers of larvae found were 
generally low with the exception of the totals of 80 Sympetrum striolatum and 58 
Enallagma yathigerum at Bl.
1 0 2
Table 18. Larvae collected at the 4 pits. Tofeils for 2 
counts in 1995 (spring and summer).
Al A2 B l
Lw sponsa 3 3
P. nymphula 1
I. ekgans 7 17 13
E, (yathigerum 6 21 58
C  puella 4 8 23
E. najas 4 4 16
Undet. Zygoptera 5 6 50
A , grandis 1
A , imperator 1
Undet. Aeshnid 2 13
JL quadrimaculata 1
S. striolatum 80
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3.13 Validation of method used
3.13.1 Effects of different observers
All but two transects carried out during this study were completed by the author, 
this in itself enabled consistency of identification. Neither of the transects that 
needed to be carried out by a second observer were used in the selected nine week 
results that were used to calculate density figures. The reliance on one observer 
raises the question of reliability of identification as there are no other observers to 
compare results with. It is fortunate in this respect that site Bl (Lakeside Park, Ash 
Vale) is Icnown to local odonate workers, a published list for the site is given in 
FoUett (1996) and has also been provided by Deü (pers. comm.) (Table 22). The 
lists are very similar and do not indicate any large scale misidentification by the 
author. Twenty four species have been recorded in total by the three observers only 
two species of which were not recorded during the transects of this study. Coenagrion 
pulchellum W2LS recorded as singletons by Dell in 1994 & 1995, whilst Aeshna jmcea is 
mainly a heathland species that is only occasionally recorded away from its main 
habitat (FoUett 1996, Merritt et al 1996). One species Sympetrum danae was recorded 
on a single occasion during this study but not seen by the other recorders.
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Table 19. Species recorded at B l (Lakeside Park, Ash 
Vale) by 3 different observers.
Observer Comments
Bailey^ FoUett^ Dell"
C. spkndens * * *
JL sponsa * * *
P. pennipes * 5|C Two individuals only
P. nymphula * * *
I. ekgans * * *
E. cyathigemm * * *
C. puella * * %
C. pulchellum * Two individuals only
E. najas * * *
P. pratense % * *
A.juncea * * Low numbers
A . grandis * % %
A . yanea * * Low numbers
A , mbcta * * *
A . imperator $ *
C, aenea * * *
S, metallica * * Low numbers only
E  depressa * * *
JL quadrimaculata * * *
0. cancellatum * * *
S. striolatum * % *
S. sanguineum * *
S. danae * One occasion only
S.Jlaveolum * *
iThis study 1994-1996.
2List published in FoUett (1996), compiled from various recorders. 
^Surveys 1990-1996 (pers. comm.).
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3.13.2 Consistent phenology
Moore (1991) showed how the odonate community changed rapidly during the first 
few years at 20 newly created sites. The new sites, group B, cannot therefore be 
used to check for consistency of results over the three year study period. This 
checking has to be restricted to group A, the established sites. The two most 
numerous species at each site were selected, (Lestes sponsa and Coenagrion pmlla at site 
A l, and Enallagma cyathigemm and Eiythromma ncjas at A2). The rise and fall in 
numbers for each species was plotted for each year (Figure 6a and b).
There is considerable annual variation in some cases. The results from the years 
with weekly transects do produce a clearer picture for each year than results from 
the biweekly transects (Figure 6). It is the peak counts from die combined results 
from the three years recording that creates an even curve, only week seven for 
Enallagma yathigemm at A2 (Figure 6c) being an obvious departure from an even 
curve. The flight periods for each species would be expected to become clearer if 
the transects were repeated annually. The histograms produced are based on 
numbers of adults counted at a single site by a standard transect methodology and 
as such are a better measure of population trends that the histograms based on 
reco):ds received (e.g. Merritt et ai 1996) which may be as much a reflection of 
recorder activity as insect activity.
For three species, Lestes spotisa, Coenagrion pmlla and Enallagma yathigemm the overall 
impression is of a steady rise and fall in numbers with a single peak (Figure 6a, b and 
c). For Eythromma najas (Figure 6d) the situation is more complex with a suggestion 
of a double peak. The flight period for this species shows a consistent late peak for 
aU three years but with an additional earlier peak in 1994 and 1996. This double peak 
pattern occurred at all four study sites (Figure 11), suggesting this is a real 
phenomenon and not recording error.
This evidence from the transects results showsconsistent phenologies for individual 
species indicating the method is producing consistent and repeatable results.
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Figure 6. Phenolc^ of four selected species,
a) Lestes sponsa at A l.
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Figure 6 (continued). Phenology of four selected species,
c) Enallagma (yathigerum at A2.
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3.13.3 Consistency by section
The same restrictions affect the consistency of observation by sections as that for 
observations by weeks. The same four cases were used (Lestes sponsa and Coenagrion 
pmlla at site A l, and Enallagma yathigemm and Erythromma ntyas at A2), For these 
transect results by section were plotted (Figure 7),
There is variation between the three years and for some sections the differences 
appear large e.g. Coenagrion puella has its two highest scores at section 5 but in 1995 
this section had a comparatively low score (Figure 7b). However these discrepancies 
are relatively few, far more common are results that are very similar over the three 
years e.g. Enallagma yathigemm sections 1, 3 and 5 (Figure 7c), Eythmmma najas 
section 3, 4 and 5 (Figure 7d), Coenagrion puella sections 1,2 and 6 (Figure 7b).
Each species showed preferences for some sections and/or avoidance of other 
sections. For instance Lestes sponsa at A l had consistently low scores at sections 1 
and 7, but high scores each year for section 5 (Figure 7a). Similarly Enallagma 
yathigemm at A2 had low scores each year at section 3 but high scores at section 1 
(Figure 7c).
When the results at the various sections are statistically checked for consistency 
over the three year period the results are highly significant. Using the Chi-square 
test the results for each species were as follows. Lestes sponsa p=1.87E'°% Coenagrion 
puella p=0.000225, Enallagma yathigerum p=5.93E’^  ^and Eiythromma najas p=1.43E'"". 
In all cases p<0.001 indicating that the variations in results between the sections are 
not random, and hence are due to real population differences at the sections.
The histograms and the chi-square test show that the results by section are 
consistent over the three year study period, and that there are real differences 
between sections for each species. This evidence supports the view that the transect 
method is producing repeatable results, with observed variations being due to real 
population differences.
Figure 7. Four selected species by section,
a) Lestes sponsa at A l.
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3.13.4 Adults compared against breeding evidence
Numbers of adults can be compared against records of larvae and exuviae. Thus the 
species recorded by the author as adults can be checked. If a species observed as an 
adult at a site is regarded as one adult/site record, then in total 64 adult/site records 
were confirmed at the four sites studied (Table 20). In 49 cases the presence of the 
species at that site was confirmed by the discovery of exuviae.
At aU the sites where larvae were found, exuviae of the same species were also 
found, (Table 20). Collection of larvae appear^to be an inefficient means of testing 
for breeding odonates as many more exuviae/site records were recorded (49) than 
larvae/site records (19). This is particularly marked for Anisoptera, as in only four 
cases could larvae be found and identified to species. Exuviae or larvae were never 
recorded at a site where adults of that species had not been recorded during the 
transects.
Many of the adult/site records that were not confirmed by exuviae or larvae were of 
vagrant species that were outside normal breeding range e.g. Sjmpetmm flaveolum or 
outside normal breeding habitat e.g. Calopteiyx spkndens, Platycnemis pennies, 
Sympetrum danae. In one case {Sympetmm sanguineum at A1 Section 6) no exuviae were 
found to confirm breeding. Adults were confined to an area of Juncus and Typha 
beds on deep sût; this was a habitat with a plethora of potential emergence supports 
in an area dangerous to search which made looking for exuviae or larvae extremely 
difficult (Plate 2).
The comparison of adults against exuviae show a consistency of species recorded 
(Table 20). In most cases where attempted breeding (copulating or ovipositing 
observed during the adult transects) was recorded, exuviae were also found proving 
breeding had been successful). Attempted breeding gives a very strong indication 
that successful breeding will follow.
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In eight cases exuviae were found where no attempted breeding had been observed. 
In all these cases adults had been recorded at low densities, (density figure less than 
0.1 in seven of the eight instances). In only one instance, {Aeshna mixta at B2) was 
attempted breeding not substantiated with exuviae. In this case adults of J i. mixta 
were at a low density of 0.6, so it is entirely possible that with populations at such 
low densities exuviae could be overlooked.
The relative abundance of each species at each site can be analysed by both adults 
(Table 24) and exuviae (Table 26). The two life stages show close agreement in 
relative abundances for each species, especially for Zygoptera. The similarity of the 
adult and exuviae counts suggests it is the same population being observed. 
Anisopterans generally had lower relative abundances than Zygoptera for both 
adults and exuviae with a few exceptions. The exceptions were A.eshnagrandis at Al, 
mixta and Sjmpetmm striolatum at Bl, these all had markedly high relative 
abundance scores for exuviae that were not reflected in the relative abundance of 
adults.
Breeding evidence in the form of exuviae also provides a useful means of cross 
checldng the adult results obtained for the ‘blue zygopteran’ group of species. The 
exuviae of B.nallagma cyathigemm and Coenagrion puella are easy to find and so are 
valuable in quantifying populations. A comparison of ratios of adults with ratios of 
exuviae was carried out (Table 21) to assess population sizes for each species. A 
ratio for exuviae could not be calculated for site B2 as no larval Coenagnonpuella were 
recorded, the numbers of adults at this site was so low that any ratio based in these 
figures had little statistical value. For the other three sites there is a clear difference 
in population sizes between the two species. The population ratios for exuviae 
support the ratios based on adult counts in identifying which species is the most 
numerous at each site. In all cases the ratios based on exuviae are greater than the 
ratios obtained by counting adults, suggesting the latter method may underestimate 
the differences in population sizes.
Table 21 Comparison o f counts for E. gaîhigem» and C. 
puella.
a) Comparison of exuviae (3 year totals).
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E . cyathigem m C. puella Ratio
A l 36 322 1:8.9
A2 1134 121 9.4:1
B l 80 716 1:9.0
B2 4 0 N/A
b) Comparison o f adults (3 year mean densities).
Recorded
E.
cyatbsgermn
Recorded 
C. puella
Ratio Total 
E . cyathigeaan  
and C. puella *
Estimated 
E . cyathigem m
Estimated 
C. puella
A l 5.4 14.0 1:2.6 339.4 94 245
A2 29.6 4.1 7.2:1 221.5 195 27
B l 5.6 20.9 1:3.7 309.0 65 244
B2 1.3 0.6 2.2:1 8.6 6 3
1 Positively identified E. cpathigenmi and C  puella plus undetermined blue zygopterans
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3.14 Validity of the reduced effort transects
By using data from 1994 the full data set of 20 weeks can be compared against the 
restricted data sets of weeks 3-20 (equivalent to the 18 transects of 1995) and the 
selected nine week results, (equivalent to the biweekly transects of 1996). This 
process has been carried out for the older pits, group A (Table 22).
Very little difference is seen between weeks 1-20 and weeks 3-20. At both sites there 
was no difference in the species seen and the numbers of each species was similar. 
Just two species were seen in weeks one and two, Pyrrhosoma tymphula and Enallagma 
tyathigerum. Both species were seen in much higher numbers after week two. There 
is no statistical difference between the two counts (correlation coefficient r=0.999, 
p=0.001 for both Al and A2).
AU species recorded as adults during the selected nine transects (biweekly results) 
were later confirmed breeding at the relevant site (Table 16).
When the biweekly results are compared against the full data set total counts are 
much reduced. Total individuals of aU species are reduced from 4646 to 2833 (61%) 
at Al and 4032 to 2371 (59%) for A2. Only one species was lost when the fuU data 
set was reduced to the nine biweekly transects, this was Caloptetyx spkndens at Al 
that had been recorded as a single individual in 1994. The assemblages recorded by 
the reduced effort survey were the same as those recorded by the full data set 
(correlation coefficients being r=0.980, p—0.02 for Al, and r=0.999, p=0.001 for 
A2).
The reduced effort methodology to monitor adult odonates using bi-weekly 
transects is thus shown to be just as effective in determining the assemblage present 
as weekly transects. The biweekly surveys do not however provide as much 
information as the weekly counts toward the flight periods (Figure 6).
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Table 22. Affect of reduction in surveys on counts of 
adults.
a) Site A l, 1994.
Counts
Weeks 1-20^ Weeks 3-202 Biweekly^
C. spkndens 1 1 0
jL sponsa 330 330 154
P. mmphuh 90 69 49I. e/esans 43 43 22E. cyathisemm 81 81 57C. puella 183 183 96
E. naias 340 340 223
Unident. Zveontera 3397 3397 2114A . wandis 71 71 44A . cvanea 5 5 5
A  mixta 28 28 21A  imperator 7 7 7C. aenea 8 8 7L. auadrimaculata 1 1 1
0. cancellatum 3 3 1
S. stnolatum 45 45 22
J. sanmineum 12 12 9Total all species 4645 4624 2832
b )S iteA 2,1994.
Counts
Weeks 1-20^ Weeks 3-202 Biweekly^C. spkndens 7 7 1
JL sponsa 74 74 48P. nwtphula 43 38 38
I. elemns 77 77 32E. cyathisemm 399 .398 232C. puella 86 86 46
E. naias 768 768 474
Unident. Zygoptera 2457 2455 1418
A . srandis 30 30 20A . mixta 9 9 6
Q aenea 45 45 32S. metallica 1 1 1
0. cancellatum 25 25 16
S. stnolatum 12 12 7
Totel all species 4033 4025 2371
11994 full data set,  ^1994 weeks 3 to 20 only (comparable to 1995 survey method) 
31994 selected nine week results (comparable to 1996 survey method)
117
3.15 Assessment and comparison of the value to Odonata of the four water 
bodies
3.15.1 Comparison of assemblages
Five species were ubiquitous with adults and exuviae being found at all four sites. 
These were Ischnura elegans, Ena//agma cyathigemm, Erythromma myas, Oithetmm 
cancellatum and Sympetmm stnolatum.
A further five species would have fallen into this category but were not confirmed 
breeding at B2. despite being seen as adults at this site. Coenagrion puella and Keshna 
mixta attempted to breed at this site, but Py/rhosoma tymphula, Aesbna grandis, and 
Cordulia aenea showed no breeding evidence (Table 23 and Table 25).
Cahpteryx spkndens was seen as an adult at all four sites but no breeding activity was 
observed.
The four sites were compared using density figures and relative figures for adults 
and exuviae (Table 27). This showed the four sites had distinct odonate 
assemblages. Correlation coefficients between the sites were all <0.95. Assemblages 
of adults at Al and Bl showed a low level of correlation of 0.94 but this was not 
supported by the figure calculated upon exuviae counts (correlation 0.276).
The detailed comparisons of the species composition at each site is shown in Table 
23 and Table 24 for adults, and Table 25 and Table 26 for exuviae. A comparison of 
larvae has already been given in Table 18.
Bl was the best site for odonates judged on three criteria. This site had the highest 
number species seen as adults (22), the most species proven breeding (17), and the 
highest overall density of adults (sum of all species density scores =499).
Using these same criteria the second most valuable site for odonates was Al. The 
overall figures are comparable to Bl though slightly less in all respects 17 species 
present, 16 proven breeding, overall density of adults =417. However these 
apparently similar figure mask large differences between the population sizes of 
individual species at the two sites.
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Table 23. Density of adults for the four study sites, 
(numbers per 100 metres per annum).
Al A2 Bl B2
C. spkndens 0.2 1.4 3.4 0.1
JL sponsa 22.2 11 11
P. pennipes 0.03
P, nymphula M 23 12 0.2
L elegans 17 80.3 15
E. (yathigenm * 94 195 65 6
C. puella * 245 27 244 3
E. najas 25.7 70.9 25.3 27
B. pratense 10
A . grandis 22 10 0.3
A . cyanea 0.3 0.1
A . mixta 17 12 53 06
A . imperator 10 0.1 12
C  aenea 0.7 23 12 0.1
S. metallica 0.5 0.1 0.2
JL depressa 13
JL quadrimaculata 0.1 1 2
0. cancellatum 0.2 14 19 1 2
S. striolatum 43 15 33.0 2 1
S. sanguineum 1.8 3.2
S. danae 0.1
S. flaveolum 0.2
AU species 6.4 316.4 498.93 5.3
Underlined = breeding evidence (copulating pairs or ovipositing female). 
* = estimated figure based on ratio of positively identified individuals.
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Table 24. Relative abundance o f adults at the four study 
sites.
A l A2 B l B2
C  spkndens 0.05 0.4 0.7 0.4
L. sponsa 5.3 1.3 1.2
P. pennipes 0.01
P. nymphula 1.5 0.8 0.6 0.8
L elegans 1.4 2.1 16.1 23.1
E. (yathigerum * 22.5 61.6 13.0 25.2
C. puella ^ 58.8 8.5 48.9 12.6
E. nyas 6.2 22.4 5.1 11.3
B. pratense 0.2
A . grandis 1.2 0.7 1.4 1.3
A . yanea 0.1 0.02
A . mixta 0.9 0.4 1.1 2.5
A . inperator 0.2 0.03 0.6
C. aenea 0.2 0.7 0.4 0.4
S. metallica 0.1 0.03 0.04
JL depressa 0.2
JL quadrimaculata 0.03 1.7
0 . cancellatum 0.05 0.4 1.2 13.4
S. striolatum 1.0 0.5 6.6 8.8
S. sanguineum 0.4 0.6
S. danae 0.02
S. flaveolum 0.04
* = calculated using estimated figure based on ratio of positively identified individuals.
Table 25. Density o f exuviae for tlie four study sites, 
(numbers per hour searching.
1 2 0
Al A2 B l B2
L. ponsa 1.0 0.5 0.3
P. ry?nphula 2.8 0.4 0.02
I. elegans 1.4 4.8 2.7 1.1
E. yathigerum 1.6 58.8 1.8 0.3
C. puella 14.8 6.3 16.4
E. na/as 0.8 15.0 1.7 0.3
B. pratense 0.2
A . grandis 3.7 2.8 1,6
A . yanea 0.1
A . mixta 0.2 0.1 7.8
A . imperator 0.1 0.1 0.9
C  aenea 0.3 0.4 0.2
S. metallica 0.2 0.05
L. dpressa 0.3
JL quadrimaculata 0.03 1.0
0. cancellatum 0.1 0.1 0.5 0.1
S. striolatum 0.1 0.2 37.6 0.1
S. sanguineum 0.1 0.3
All species 27.33 89.5 73.37 1.9
Table 26. Relative abundance of exuviae at the four 
study sites, 1994-1996.
1 2 1
Al A2 Bl B2
JL ponsa 3.7 0.6 0.4
P. nymphula 9.6 0.5 0.03
L elegans 5.1 5.4 3.6 59.1
E. yathigerum 5.6 65.7 2.5 18.2
C. puella 533 7.0 22.3
E. najas 3.3 16.7 2.3 13.6
B. pratense 0.3
A . grandis 14.6 3.2 2.1
A . yanea 0.3
A . mixta 0.8 0.1 10.7
A . imperator 0.5 0.1 1.2
C. aenea 1.2 0.5 0.3
metallica 0.8 0.1
JL depressa 0.5
JL quadrimaculata 0.2 1.3
0. cancellatum 0.2 0.1 0.7 4.5
S. striolatum 0.3 0.2 51.2 4.5
S. sanguineum 0.2 0.5
1 2 2
Table 27. Statistical comparison o f Odonata assemblages 
o f the four study sites.
a) Correlation coefficients calculated firom relative 
abundance o f adults.
Al
A2 0.420 A2
Bl 0.940 0.292 Bl
B2 0.450 0.680 0.562
b) Correlation coefficients calculated from density of 
adults.
Al
A2 0.423 A2
Bl 0.941 0.297 Bl
B2 0.455 0,682 0.567
c) Correlation coefficients calculated firom relative 
abundance of exuviae.
Al
A2 0.096 A2
Bl 0.273 -0.047 Bl
B2 -0.034 0.312 -0.009
d) Correlation coefficients calculated from density o f
Al
A2 0.099 A2
Bl 0.276 -0.047 Bl
B2 -0.038 0.285 0.002
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If a site’s value to odonates is judged on proven breeding productivity i.e. summed 
densities of exuviae of all species then site A2 would be classed as best with a score 
of 89 (Table 25). O f the 14 species seen as adults 12 were proven breeding, but it 
was the zygopteran species that produced the high numbers of exuviae.
The worst site by far was B2, with only 11 species seen during the three year study 
and a very low overall adult density (=24). Just five species were proved breeding in 
very low numbers in 1994, this declined to one individual of Ischnura elegans in 1995 
and none at aU in 1996 (Table 16d).
3.15.2 Effects of site age
A comparison of the older sites (group A) reveals that all anisopterans present at 
these sites were only seen in low numbers (Table 21), neither 'brachytron pratense nor 
Ubellula depressa were recorded at either site. At both these older sites the six 
common species of Zygoptera were recorded but at widely different population 
sizes.
The comparison of exuviae density for group A against their pair in group B (Table 
25) showed that the older sites support larger breeding population of a suite of 
species; these were Vyirhosoma nymphula, Lestes sponsa, Aeshna grandis, Cordulia aenea 
and Somatochlora metallica.
The new sites (Group B) differed greatly in odonate assemblages; despite this one 
similarity was seen, Orthetrum cancellatum had its highest scores for adults at these two 
sites.
The odonate assemblage at B2 showed little development over the three year study 
period with no evidence of a pioneer or development stage in adult numbers (Table 
15d). Exuviae numbers declined to zero in 1996, a reversal of the expected 
development. Exuviae were restricted to just two sections of B2, sections 1 and 4.
The assemblage at Bl did not show any obvious serai development during the three 
years. AH species recorded as breeding at any of the lakes bred at this site but 
numbers of exuviae fluctuated widely between the years. This was the one site that
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suffered from drought conditions in 1995 which will have affected the development 
process.
3.15.3 Effects of fish stocks
Group 1, the two sites with low fish stocks, were the best two sites for odonates on 
three categories, (number of species seen as adults, number of species proven 
breeding, and the overall density of adults).
Group 2, the sites with medium to very heavy fish stocks had low relative 
abundances of anisopterans compared to zygopterans. Total relative abundance of 
exuviae for all anisopterans was 4.2% at A2 and 9% at B2, compared with 19.1% at 
Al and 68.9% at Bl (Table 24).
Very heavy stocking of fish into the new site B2 prevented the use of the site by 
odonates for breeding. The fact that site A2 with medium stocking of fish was the 
best site for overall exuviae density indicates that there is not a simple negative 
correlation between odonates and fish stocks. However the effects of fish stocking 
at this site were reflected in the assemblage composition.
Of the breeding anisopterans five species, Brachjtmn pmtense, Aeshna yanea, Ubellula 
quadrimaculata, U  depressa and Sympetrum sanguineum, were absent from the medium /  
heavy fish stocked sites, whilst Somatochlora metallica seen in low numbers as an adult 
showed no breeding activity at these sites.
The low fish sites (Group 1) had markedly lower numbers of Enallagma yathigerum 
and Eiythromma najas but higher populations of Coenagnon puella. The highest 
densities of both exuviae and adults of Enallagma yathigerum and Eythromma najas 
occurred at A2, with medium fish stocking.
3.16 Detailed analysis for selected species of special interest
Three species on the Rare Dragonfly Project (Winsland 1997) were recorded 
breeding during this project and so selected for detailed study, these were Brachytim 
pratense, Cordulia aenea and Somatochlora metallica . The two species that were chosen as 
typical of the Blackwater Valley gravel pits were Eythromma najas 2co.à Aeshna mixta.
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3.16.1 Brachytron pratense
Most records of Brachjtwnpratense were from site Bl, a single individual seen at Al 
being the only other sighting. It was only recorded in low numbers, the flight period 
was between week 4 (late May) to week 9 (late June) which faUs within the earliest 
and latest sighting period given for Surrey by FoUett (1996). The phenology 
histogram (Figure 8) shows a sharp rise and fall in numbers of adults with peak 
occurring in weeks 6 or 7 (no weight can be given to the low numbers in week 7 
due to the small sample size).
This species was clearly selective on habitats used being restricted to a few sections 
of Al. It was recorded as an adult in sections 1, 2 and 4 (Table 14) and as an exuviae 
from sections 2, 4 and 6 (Table 17). For both adult and exuviae highest densities 
were recorded in section 4.
Brachjtmn pratense was only proved to breed at one site, Bl a young site with very 
low fish stocks. It was recorded as an exuviae in aU three years including 1994, just 
one year after site Bl had been created.
Numbers of exuviae were low for each year (Table 16) however the largest numbers 
of exuviae were recorded in 1996 the year after Bl had suffered from extensive 
lowering of the water table. Sections 1, 2 and 4 had all dried completely during 1995 
yet exuviae were found in section 4 during 1996.
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Figure 8. Phenology o f  Brachjtron pratense.
a) Con^)arison of phenology at the four study sites 
(means of all transects 1994-1996).
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Table 28. Habitat parameters for breeding sites of 
Brachytron pratense.
a) Vegetation & physical parameters.
Lowest 1 Highest
Water bodv
Aee {'date createdl 1993
Fish stocks A
Area fm^ ') 566 1943
Deoth ('nil 0.5 1.2No. of olant soedes 28 34
Tree cover A
Emergent olants A D
Floating leaved olants A D
Submerged olants C CBankside
Tall marginals A B
Short marginals D E
Bankside trees A BBare /  artifidal banks
Sediment
Süt&Clav% 5.5 15.8
Sand % 81.4 8&2Gravel % 1.0 13.1Organic matter % 2.3 8.4
Key to categories for fish stocks
A = single figures, B = low density <200 kg/ha, C = medium stocking <500 kg/ha,
D  = heavy stocked <1000 kg/ha, E = very heavy stocking >1000 kg/ha.
Key to categories for vegetation cover
- = not present, A = 1-20% cover, B = 21-40%, C = 41-60%, D = 61-80%, E = 81-100%
b) Water parameters.
WiiIter Sum merLowest Highest Lowest Highest
Ammonia p.p.m. 0.19 0.24 0 0
Nitrate p.p.m. <0.1 0.09 <0.1 <0.1
Nitrite p.p.b. 4.17 9.11 0 0
Potassium p.p.m. 5.2 5.5 3.0 3.4
Sodium p.p.m. 14.3 15.2 23 29
Temnerature °C 6.2 7.3 22.3 23.4
pH 7.2 7.3 7.5 7.6
Oxygen mg l^ 8.9 9.8 11.8 12.2
ConductivitY us_____ 311 417 322 350
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The habitat parameters of sections that were confirmed to support breeding 
^rachytwnpratense are given in Table 28. This species was only confirmed breeding at 
one site and only at three sections on that site, the habitat parameters given in these 
tables are drawn from a limited number of samples and so should be interpreted 
with caution.
Summer temperatures of the breeding sites for Brachjtron pratense are comparatively 
high with the lowest measured temperature of 22.3°C.
O f interest is the high number of plant species present at the breeding sites (range 
28-34), presence of submerged plants (range 41-60% coverage), and high coverage 
of short bankside marginals (range 61-100% coverage). All categories of vegetation 
are represented at all the breeding sites except trees growing in the water and bare 
/artificial banks.
The general picture of breeding habitat is of small shallow ponds with a wide 
diversity of aquatic vegetation.
3.16.2 Cordulia aenea
In total 138 adult Cordulia aenea recorded, it was seen at all four sites, but just as 
a single individual on one occasion at B2. At site Al it was only seen in low densities 
but it was confirmed breeding at this site on sections 2, 3 and 5. It was seen as an 
adult on all sections of A2 and also confirmed as breeding here on four sections.
The phenology of C  aenea is shown in Figure 9. The flight period lasted from week 
5 (late May/early June) to week 14 (end of July). The phenology suggest a rapid 
build up of numbers to a peak around weeks 8-10 (late June), followed by an equally 
rapid decline. Numbers appeared to peak about two weeks earlier at site Bl than Al 
or A2, although further observations would need to be carried out to see if this was 
a genuine trend.
Cordulia aenea appears to have a wide tolerance of many of the habitat parameters 
ineasured (Table 29). Cham (1996b) suggested that C  aenea is associated with
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woodland pools. The cover of bankside trees at the breeding sites varied between 
1% to 100% cover, but the presence of bankside trees at >20% cover was 
significant (Chi test for association p= 0.004).
Cham (pers. comm.) suggested that association with woodland pools may be due to 
the larval stages using decomposing leaf Utter.
Organic matter in the basal sediments was sampled specifically to test this 
association with breeding sites, as it is largely formed from the remains of tree 
detritus such as leaves and twigs that have fallen into the pond. Organic matter was 
present at all the breeding sites in the range 1.6-12.2%, but this was not significant 
(Chi test for association of breeding C. aenea yniûi organic matter in the range 2-13% 
p = 0.259).
Brooks (1997) describes the larvae as avoiding “silt or gravel and fine well-rotted 
leaf fragments where chaser-dragonfly larvae are often encountered”. The negative 
correlation of breeding C  aenea with sÜts was tested but not shown to be significant 
(correlation = -0.039).
Figure 9. Phenology o f  Cordulia aenea.
a) Comparison of phenology at the four study sites 
(means of all transects 1994-1996).
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Table 29. Habitat parameters for breeding sites of 
Cordulia aetiea.
a) Vegetation & physical parameters.
Lowest 1 Highest
Water bodv
Age (date created') 1993 1960’s
Fish stocks A C
Area ('m?') 600 14600
Deoth (hi) 0.5 2.7
No. of olant soedes 7 31
Tree cover A
Emergent olants D
Floating leaved olants D
Submerged olants B D
Bankside
Tall marginals BShort marginals A C
Bankside trees A EBare /  artifidal banks A
Sediment
Silt & Clav % 0.1 10.7Sand % 33.3 91.6
Gravel % 1.0 66.6
Organic matter % 1.6 12.2
Key to categories for fish stocks
A = single figures, B = low density <200 kg/ha, C = medium stocking <500 kg/ha,
D  = heavy stocked <1000 kg/ha, E = very heavy stocking >1000 kg/ha.
Key to categories for vegetation cover
- = not present, A = 1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100% 
b) Water parameters.
Winter SummerLowest Highest Lowest HighestAmmonia p.p.m. 0.07 0.33 0 0Nitrate p.p.m. 0.09 0.69 <0.1 <0.1Nitrite p.p.b. 3.7 21.3 0 0Potassium p.p.m. 3.3 5.4 2.8 4Sodium p.p.m. 10.5 21.5 13 29
Temperature ®C 6.2 8.4 20 23pH 7.2 7.5 7.1 7.5Oxygen mgl 8.9 12.6 7.6 12.2
Conductivitv us 266 417 260 350
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3.16.3 Somatochlora m etallica
Somatochlora metallica was a much rarer insect than its close relative Cordulia aenea. 
Only 18 adults were observed. The flight period lasted from week 7 (early June) to 
week 13 (mid July).
It was observed as an adult at A l, A2 and B l, but only in small numbers, the 
highest count on any one transect being three. The highest density was 1.9 at 
section 2 of Al. Breeding was confirmed at Al (sections 2, 4 and 5) and Bl (section 
6 only). Section 6 of site Bl was a pond initially created as part of the gravel pit silt 
beds in the 1950’s and partially infilled during the creation of the new ponds at this 
site in 1993. It is therefore difficult to define an age to this water body.
As S. metallica was only confirmed breeding at four sections the habitat parameters 
given in Table 30 are summarised from a small data base, and so need to be 
interpreted with care. Breeding sites for S, metallica were all over 30 years old with 
very low fish populations. Water depth varied httle (0.9-1.2m), submerged plants 
and short marginal were noticeable (41-80% coverage for both).
Bankside tree coverage had a greater range than for Cordulia aenea (21-80% 
coverage), the association was not significant (Chi test for association with bankside 
tree coverage >20%, p=0.16) but this may be due to the low number of samples 
with breeding proof. No trees were present growing in the water body of sections 
with breeding Somatochlora metallica^  but organic matter of the sediment was slightly 
higher in content, between 2.5-12.2%, than for Cordulia aenea.
Somatochlora metallica was restricted to older sites. The main difference between site 
Al and A2 was fish stocks, S. metallica maintained a breeding population at Al with 
low fish numbers but was not recorded breeding at A2 with medium fish stocking. 
At site Bl metallica only bred on the older previously existing pond, this evidence 
supports the association with older sites containing low fish stocks.
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Figure 10. Phenology of Somatochlora metallica.
a) Comparison of phenology at the four study sites 
(means of all transects 1994-1996).
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Table 30. Habitat parametei's for breeding sites of 
Somatochlora metallica.
a) Vegetation & physical parameters.
Lowest 1 Highest
Water bodv
Are ('date created') 1960’s* 1950’s
Fish stocks A A
Area ('m^ ') 600 4400
Deoth 0.9 1.2
No. of olant soedes 6 31
Tree cover
Emergent olants B
Floating leaved olants A
Submerged olants C D
Bankside
Tall marginals A
Short marginals C D
Bankside trees B E
Bare /  artifidal banks A
Sediment
Silt & Clav % 3.2 10.7
Sand % 72.5 88.6
Gravel % 3.7 24.3
Organic matter % 2.5 12.2
Key to categories for fish stocks
A = single figures, B = low density <200 kg/ha, C = medium stocking <500 kg/ha,
D  = heavy stocked <1000 kg/ha, E = very heavy stocking >1000 kg/ha.
Key to categories for vegetation cover
- = not present, A  = 1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100% 
* see text
b) Water parameters.
Winter SummerLowest Highest Lowest HighestAmmonia p.p.m. 0.18 0.33 0 0Nitrate p.p.m. <0.1 0.69 <0.1 <0.1Nitrite p.p.b. 7.9 21.3 0 0Potassium p.p.m. 3.4 5.2 3.1 4Sodium p.p.m. 12.9 21.4 13 29
Temnerature °C 7.3 7.9 19.5 22.8pH 7.2 7.4 7.1 7.5Oxygen mgl 8.9 11.9 7.6 12.2
Conductivitv us 266 323 263 322
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3.16,4 Erythromma najas
Erythromma najas was frequently observed. It was seen as a flying adult at all four 
study sites and at aU but three sections (Table 14). It was frequently observed at 
high densities the density score of 131.8 at A2 section 3 being the highest figure for 
any species.
The phenology of E. produced from the transect method is given in Figure 11. 
In the Blackwater Valley E. na/as appears to have a flight period lasting from mid 
May to September, with an early peak occurring between weeks 6-8 (early June) and 
a second higher peak at about week 14 (first week of August).
AU the indications are that this is a real rather than apparent trend. Figure 11 is built 
upon many individual observations (n=3746), the trend is consistent over aU four 
sites and occurred in 1994 and 1995 (Figure 6d). It was less noticeable in 1996, but 
this may have been a result of reducing the frequency of transects to biweekly with 
consequent loss of detail.
E. najas adults showed a clear habitat preference for expanses of open water, for 
instance at site Al sections 2, 3, 4 and 5 aU had density scores >25 for adults but 
section 6 had a density score <1, and sections 6 and 7 both had density scores of 0 
(Table 14). These high figures for adults were not supported by equivalently high 
figures for exuviae. Although exuviae were present at aU four sites and at most 
sections where seen as adults, exuviae densities >10 only occurred at A2.
In the case of B2 just three exuviae were found in 1994 and none later (Table 16). 
The species was thus unable to survive the presence of fish stocked at about 2500 
kg/ha (Appendix VIII). In contrast, at site A2, with medium stocking of around 550 
kg/ha E. najas was found at its highest densities of both adults and exuviae (Table 
14 & Table 17).
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Figure 11. P henolc^  o f  Etythnmma ncgas.
a) Comparison o f phenology at the four study sites 
(means of all transects 1994-1996).
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Table 31. Habitat parametets for breeding sites o f  
E^thm arm  najas.
a) Vegetation & physical parameters.
Lowest 1 Highest
Water bodv
Age Mate created^ 1960’s 199.3
Fish stocks A C
Area 3200 14600
Deoth Im) 0.3 2.7
No. of olant soecies 6 34
Tree cover A
Emergent niants D
Floating leaved niants D
Submerged niants B D
Batikside
Tall marginals B
Short marginals A E
Bankside trees E
Bare /  artificial banks A
Sediment
Sût & Clav % 0.1 16.0
Sand % 33.3 91.6
Gravel % 0.1 66.6
Organic matter % 1.1 12.2
Key to categories for fish stocks
A = single figures, B = low density <200 kg/ha, C = medium stocking <500 kg/ha,
D  = heavy stocked <1000 kg/ha, E = very heavy stocking >1000 kg/ha.
Key to categories for vegetation cover
- =  not present, A =  1-20% cover, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100% 
b) Water parameters.
Winter SummerLowest Highest Lowest HighestAmmonia O.D.m. 0.07 0..34 0 0Nitrate p.p.m. <0.1 0.69 <0.1 <0.1Nitrite p.p.b. 0.39 21.3 0 0Potassium p.p.m. 3.3 7.7 0.8 4Sodium p.p.m. 9.9 21.4 13 29
Temperature °C 6.2 8.4 19.5 2.3.4pH 7.2 7.5 7.1 8.1Oxygen mg-1 6.6 12.6 7.6 13.2
Conductivitv us 266 417 260 350
138
The habitat conditions under which E. najas was recorded as breeding are given in 
Table 31. This is one species which has a weU known habitat preference, its 
association with floating leaved plants such as water lilies on large water bodies 
often being quoted (Hammond 1983, Gibbons 1986, McGeeney 1986, Merritt et al. 
1996, Cham 1997).
However no such association with floating leaved plants could be proved, (chi test 
for association p=0.16). During the transects it was noticed that adult E. najas would 
be in constant flight over open water, only settling if a perch such as a fallen tree 
leaf or an anglers float was available. Adults would also frequently use overhanging 
branches of bankside trees to settle on.
Merritt et ai (1986) describe this species as requiring submerged plants for its larval 
stages, and this factor was significant. Breeding sites were associated with a high 
coverage >40%, of submerged vegetation, (Chi test for association p=0.0003).
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3.16.5 Aeshna m ixta
This species was widespread as an adult being observed at all sections except A1 
section 7 (heavily shaded), B1 section 5 (a seasonal ditch often dry) and B2 section 5 
(Table 14).
A., mixta has a very late season flight period (Figure 12), adults being first observed 
in week 14 (first week of August) and numbers rising fairly gradually to a peak at 
week 19 (the high mean figure for week 20 at B1 is due to a single exceptionally 
high count in this week in 1994). The normal flight period of A . mixta extends to 
late October (Merritt et al 1996), in 1994 the species was seen in flight elsewhere in 
the Blackwater Valley as late as 6 November, a full 8 weeks after the transect 
recording period had finished.
A . mixta was one of three anisopterans (along with Uhellula quadrimaculata and 
Sjmpetrum striolatuni) able to colonise the new waters of B1 and produce exuviae in 
numbers in the second summer.
As an exuviae it was discovered at all sites except B2. It was present in low numbers 
at the older pits, five exuviae were found during the three years 1994-1996 at A l, 
and just 2 exuviae at A2 in the same period. This is in marked contrast to its 
breeding populations at site B1 where a total of 343 exuviae were found in the three 
years (Table 16), but at markedly different numbers each year.
The habitat parameters for sections with confirmed breeding Aeshna mixta are given 
in Table 32. Sections in which Aeshna mixta was found breeding generally showed a 
wide range in the habitat parameters. For instance it occurred in sites from low to 
medium fish stocks, from 0.3-2.7m deep, and in young and old water bodies.
Two habitat features showed significance for successful breeding, a good coverage 
of submerged vegetation (Chi test for association with >40% submerged vegetation 
p=0.003) and low fish stocks (Spearman rank p<0.02).
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Figure 12. Phenology o i Aeshna mixta.
a) Comparison o f phenology at the four study sites 
(means of all transects 1994-1996).
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Table 32. Habitat parameters for breeding sites o î Aeshna 
mixta.
a) Vegetation & physical parameters.
Lowest 1 Highest
Water bodv
Ae-e (date created) 1993 1960’s
Fish stocks A C
Area Im^ ) 3200 14600
Deoth W 0.3 2.7
No. of olant soecies 6 34
Tree cover A
Emerp^ent olants D
Floating leaved olants D
Submerged olants C DBankside
Tall marginals B
Short marginals A E
Bankside trees E
Bare /  artificial banks A
Sediment
Silt & Clav % 2.8 16.0
Sand % 71.2 89.2
Gravel % 0.1 25.6
Organic matter % 1.1 12.2
Key to categories for fish stocks
A = single figures, B = low density <200 kg/ha, C =  medium stocking <500 kg/ha,
D  = heavy stocked <1000 kg/ha, E = very heavy stocking >1000 kg/ha.
Key to categories for vegetation cover
- =  not present, A = 1-20% covet, B = 21-40%, C = 41-60%, D  = 61-80%, E = 81-100% 
b) Water parameters.
WitIter SummerLowest Highest Lowest HighestAmmonia p.p.m. 0.08 0.34 0 0Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1Nitrite p.p.b. 0.39 21.3 0 0Potassium p.p.m. 3.4 7.7 0.8 4.0Sodium p.p.m. 10.5 21.4 13 29
Temperature ®C 6.2 8.2 19.5 23.4pH 7.2 7.4 7.2 8.1Oxygen mgl 6.6 12.6 7.6 13.2
Conductivitv us 286 417 263 350
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The remarkable differences in numbers of exuviae between the years at B1 can be 
explained by changes in water level (Table 33). The shallow ponds and ditches at 
this site were subject to fluctuating water levels each year with sections 5 drying 
completely each year and sections 2 and 8 drying to expose at least part of the pond 
base each year.
1995 was a year of summer drought (Appendix III), water tables at B1 may also 
have been affected by nearby de-watering of ground water throughout 1995 to 
allow construction of the Blackwater Valley Relief Road. The result was extensive 
drying of B1 an effect most marked at its southern end, section 7, closest to the 
road construction site. Drying started at this southern end at the beginning of June, 
by end of July the whole site was affected by lowered water levels, only section 5, 
the deepest, retained standing water. The ponds started to till after heavy rain in 
mid September (Plate 7).
Aeshna mhcta larvae, unlike the early season species (Table 16c), could not tolerate 
the drying during 1995, exuviae only being found at section 6 which retained water. 
In 1996 the situation was very different with highest numbers of exuviae of A . mixta 
being found at sections 2, 4, and 7, these had all dried the year before but not in 
1994. Section 1 was an exception, this section was a disused part of an old river 
channel and not typical of the other ponds at Bl.
Table 33. Exuviae counts o f Aeshna mixta at B l 
compared against water levels.
a) Water levels.
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Section
Date 1 2 3 4 5 6 7 8
1994 PD PD D D PD D
1995 D D D D D PD D D
1996 PD D PD
Key to categories
D  = drying, bottom of pond exposed across entice section. 
PD = partial drying, substantial draw down zone evident.
b) Exuviae counts.
Section
Date 1 2 3 4 5 6 7 8
1994 14 3 5
1995 5
1996 7 116 15 54 27 97
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4. DISCUSSION
4.1 The validity of the method used to monitor the dragonfly communities of 
ponds and lakes
4.1.1 Transects and Odonata
Transects have been used to monitor odonates since the 1950’s (Moore 1953), but 
the method has not become widely used. The transect technique was later 
developed for monitoring butterflies (Pollard 1991). Recentiy, interest in using the 
technique for odonates has been revived, with studies being carried out using 
methods based on the National Butterfly Monitoring Scheme (Jenkins 1986, Brooks 
1993). There is, as yet, no standardised method recognised for use on Odonata.
Descriptions of transect methods used for odonates have been published for two 
studies, a New Forest site in which only one species Coenagrion mercuriale was 
counted (Jenkins 1986), and the Cornmill Stream & Old River Lea which monitored 
an entire fauna of 18 species (Brooks 1993).
Both these transects follow relatively narrow linear bodies of water, the vegetation 
on the banks of both study sites mainly being short. The linear nature of streams 
rivers, canals and ditches are ideal for a transect method of monitoring, possibly 
even more so than the butterfly habitats monitored by transect in which the 
transect belt is an artifice across the habitat purely to enable monitoring. Even so 
there are a number of problems in transferring the method to odonates.
Small sections of bank on the Cornmill Stream site were inaccessible due to 
bankside vegetation. These areas were not monitored resulting in a slight depression 
in numbers counted (Brooks 1993).
The National Butterfly Monitoring Scheme uses, as a nainimum, a 26 week period 
from the begmmng of April to the end of September (Hall 1981), neither Brooks 
(1993) nor Moore & Corbet (1990) mention this criterion for Odonata transects. A 
26 week period of recording puts a logistical difficulty on any one observer. Even 
this wiU not cover the fuU flight periods of aU the species under investigation. The 
flight periods of odonates have been studied with first and last dates being of
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interest. Taking just 1995 these ranged from 9 Aprü (Pjrrhosoma nyînphulà) to 15 
November {Anax imperator) a 32 week period (Paine 1996).
The length of study period is a material consideration. The transect needs to cover a 
sufficient number of weeks to gather accurate data, but a long period will deter 
recorders from starting transects. The shorter the period the more Hkely transects 
are to be carried out and completed successfully. However, by limiting the number 
of weeks recorded the flight periods of early, e.g. 'Pjrrhosoma njmphula  ^and late flying 
species, e.g. Sjmpetrum striolatum and Aeshna mixta wiU not be fully covered. This wül 
depress the numbers of these species for comparison with the mid summer fliers, 
and even raise the possibility that these species may not be recorded at ah.
This study started recording in 1994 from 1 May to mid September (20 week 
period). The period was reduced by two weeks in 1995 (18 week period) and in 1996 
further reduced to the fourth week of May to the end of September (17 week 
period). The reduction helped in completing the transects. The loss of weeks 1 and 
2 made little difference to the numbers and species recorded but the stopping of 
transect at the end of September did miss a considerable proportion of the flight 
period of Aeshna mixta (Figure 12).
The metliod is time consuming, Moore & Corbet (1990) recommended weekly 
counts of adults as a minimum requirement but Brooks (1993), even wifli tlie 
assistance of 11 otlier recorders in carrying out tlie transects on tire Cornmill 
Stream, settled for biweeldy visits. Jenkins (1991) started witli weekly counts to 
cover tlie flight period of a single species but also reduced tliis to cover just tlie 
tliree to four week period of pealc numbers.
In this study weekly transects were carried out in 1994 and 1995, and reduced in 
1996 to biweekly walks to assess the effect on results of a minimum effort 
recording.
If a national Odonata transect scheme is to be implemented guidance on when to 
carry out transects wih need to be established. Experience from this study suggests
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biweekly transects between the end of May and the end of September would 
adequately assess the assemblage at any one site.
Brooks (1993) used tighter environmental conditions when walks could be carried 
out than those accepted for butterfly transects (Hall 1981). The butterfly transects 
allowed counts when the temperature was above 13®C if sunny, or the temperature 
exceeded 17°C if cloudy; a wind speed of up to Beaufort force 5 was acceptable. 
Brooks (1993) requirements for Odonata (followed in this study) were a minimum 
of 17°C, sunny, and wind of less than Beaufort force 4. These stricter parameters 
will result in fewer opportunities to carry out the transect. Conditions during the 
week or fortnight can sometimes never meet minimum requirements, especially at 
the start or end of the season. Brooks (1993) described transects carried out in such 
conditions as ‘invalid’, however, if such conditions are typical of the week then 
numbers and species of odonates recorded should also be an accurate reflection of 
the week.
In weeks of good weather, especially during the middle of summer, the requited 
environmental parameters for a walk to be Valid’ wül be lower than the best, or 
even typical conditions , occurring in the week. ‘Valid’ transects carried out in these 
conditions could thus be less representative of the insects present during the week 
than ‘invalid’ ones carried out during a period of bad weather. In this study every 
effort was made to carry out transects during the best conditions of the week or 
biweekly period. A note was made of weather conditions. If they did not meet the 
criteria or if they improved markedly during the transect period (regardless of 
whether the initial survey met the criteria or not) then the transect was repeated.
For butterfly transects if weeks are missed due to bad weather interpolated results 
are used, calculated by averaging the results from the weeks before and after the 
missed transect (HaU 1981). During this study the temporary suspension of a walk 
was permitted to allow passing of wind squalls, short periods of rain or clouds. This 
method enabled transects to be carried out when otherwise they would have been 
abandoned and no results obtained for that week.
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These metliods produce results closer to tdiose typical for tlie week. The validation 
tests show results produced by this system to be consistent and repeatable.
At the height of summer the number of ‘blue zygopterans’ can build up into large 
populations. Only with close up views of settled insects can 'Enallagma cyathigemm be 
reliably separated from Coenagmn puella or the other much rarer coenagrionids 
{Coenagrion pulchelhm has been recorded at site Bl in low numbers by other 
observers but not identified during the transects). At the distances requited to 
survey over open water sections Ischnura elegans and Biythtvmma najas can also be 
difficult to identify with absolute certainty. The difficulties in separating and 
counting large aggregations of mixed species is considerable. Experience of the 
observer buüds an improved ability to separate species through such clues as 
behaviour, subtle differences in male colourations and female markings, but even so 
many individuals cannot be ascribed to species because of insufficient time to 
inspect each one. Recording the category ‘blue zygopteran’ has limited value. 
Brooks (1993) suggests noting which species have been accurately identified but this 
is also limited in value as the most easily confused species (EnaUagma cyathigemm and 
Coenagrionpuellâ) are practically ubiquitous. This problem is similar to the difficulty in 
separating Small Skipper (jPhymelicus pylvestris) and Essex Skipper (jihymelicus lineal) 
during butterfly transects (Pollard 1991). The solution adopted during this study was 
to identify as many individuals as possible to species level, then to use the ratios 
recorded to give an estimate of the numbers present of each species. This is similar 
to the method used in some butterfly counts e.g. Barker & Williams (1993). The fact 
that odonates produce exuviae that are easily found enabled a means of checking 
the ratios calculated on adults. When this test was carried out on all four sites the 
exuviae counts and adult ratios identified the same species as most numerous (Table 
21).
The observation that the ratios based on exuviae are greater than the ratios 
obtained by counting adults, suggests adult transects underestimate the differences 
in population sizes between Enallagma cyathigemm and Coenagrion puella.
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The differences of behaviour between all odonate species affects ease of
observation, this needs to be borne in mind when comparing relative abundance of
different species from direct counts. The transect methodology has an unavoidable
bias away from species that use the middle of large water bodies towards species&that prefer the margins and shorelines. Enallagma cyathigemm is known a^species of 
large water bodies that is often seen far from the margins (Merritt et al 1996), and is 
thus Hkely to be under recorded in comparison to Coenagrion puella.
Exuviae results indicate however that it is the most numerous species that is being 
under recorded as adults. This may be due to the carrying capacity at any one site 
being less for adults than larvae. Many individuals that successfully emerge (so 
leaving an exuviae behind) are forced to migrate out of a site. This would affect the 
most numerous species more than the less numerous.
Estimated adult densities based on ratios of identified adults are sufficiently vaHd to 
be used when comparing assemblages at different sites. It should be remembered 
that transect counts for all species are only sampHng a small fraction of the 
population and that relative abundance figures are a means of comparing species by 
ratio. The estimated figures are certainly of more value than simple presence or 
absence notes which would, in most cases, record presence of both these 
widespread species and fail to recognise the strong differences in population sizes.
The anisopterans are highly mobile so it is possible one individual may be 
encountered more than once in various parts of a site during any one transect. 
Some species, in particular the aeshnids, hold territory by flying in beats up and 
down a stretch of water, this presents the likelihood of repeated recording of a 
single individual. Brooks (1993) counted aU passes of insects accepting that multiple 
counting would occur but noting that the error introduced would be consistent and 
not affect trends. However at the Cornmill Stream study the number of aeshnids 
were very low and this problem may be more significant at sites with high aeshnid 
populations.
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Anisoptera in particular are faster flying than most butterflies and so present greater 
problems in identifying individuals in flight. For instance adult Somatochlora metallica 
and Cordulia aenea really need close examination of accessory genitalia to separate 
with certainty (Hammond 1983). These two species are invariably seen as fast flying 
individuals over water so netting for inspection is rarely possible. All individuals 
seen could not he caught in this way. Netting is also likely to be disruptive to the 
transect. In these cases identification relies on observer experience using subtle 
identification features such as behaviour, flight patterns and minor colour and body 
shape differences. This can be achieved with practice as is illustrated by the 
similarity of species lists produced by different observers (Table 19), and the 
similarity between species lists produced by adult and exuviae observations (Table 
20).
Moore & Corbet (1990) recommend only counting adult males at water. This 
category is difficult as many species cannot be separated sexually on coloration 
alone e.g. Uhellula quadrimaculata and Ischnura elegans. Other species have some 
females that resemble males either due to ageing e.g. Anax imperator and Orthetmm 
cancellatum or as a colour form e.g. Pytrhosoma nymphula form fulvipes (Hammond 
1983). The counting of adults, male or female, avoids the problem.
Care needs to be taken when interpreting the results obtained by transects, it would 
be a mistake to directly compare counts of different species without taking into 
account behavioural differences. Most zygopterans can be easily observed as adults, 
copulating pairs, and ovipositing females, but in certain species behavioural patterns 
can lead to reduced or even increased counts.
Males of some species e.g. Cordulia aenea are territorial and operate a time share 
arrangement at the water side (Brooks et al. 1997). Counts of these species wül tend 
to measure amount of suitable habitat rather than size of population using that 
water body. Other species appear not to be territorial and counts at the waterside 
do reflect population size (Parr 1976).
150
Females of Enallagma cyathigemm may submerge to oviposit leaving the male ‘on 
guard’ at the waters surface i (Miller 1997), so reducing the counts of oviposition. 
Eythromma najas invariably submerges to oviposit whilst paired (Cham 1997), so 
reducing counts of both ovipositing females and adult males. Ischnura elegans does 
not move away from the waters edge during the immature stages and adults wül stay 
paired for many hours during the middle of the day leading to increased 
observations of these two categories, but females wül not lay untü later in the day 
(Askew 1988), so ovipositing wül be rarely recorded by transects.
One of the main benefits of transects is that they enable careful and repeatable 
monitoring of single sites. If sufficient sites are studied, using simüar transect 
methodology, this wül provide detaüs to understand regional and year on year 
variations in phenology and geographic distribution (Merritt et al 1996).
Despite the problems associated with odonate transects, Jenkins (1991) and Brooks 
(1993) were satisfied that the techniques they followed worked weü, although the 
latter recognised that it had not been tested on ponds, lakes or other stül waters.
4.1.2 Adaptation of the transect method for still waters
The character of the sites in this study, tree surrounded lakes with their large 
expanse of water, are very different from the linear sites where odonate transects 
have previously been carried out. To enable a transect on the lakes and ponds to 
produce meaningful results, the protocol used at the linear sites had to be adapted.
The nature of the four sites varied but both sites in group A, the older established 
pits, consisted of large expanses of water with heavüy tree covered banks. In many 
places access to the waters edge was impossible. B2, although generaUy open in 
character had one bank with dense stands of Snowberry [Sjmphoriocarpus alhui). Bl 
was initiaUy easüy observed with little bankside vegetation but this soon developed 
and by the second and thicd year, views of the water were being restricted by tall 
marginals and bankside tree growth. These type of marginal habitats are typical of 
the majority of ex-gravel pits and many other stül waters in the Blackwater Valley 
and elsewhere.
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The behaviour of some odonate species on still waters in which territories are set up 
over the water is well documented, A nax imperatoi', Enallagma cyathigemm and 
Erythromma najas are just three common species that do this (Askew 1988). To 
monitor such species on large lakes by a transect with a limited width would require 
the transect to cross the open water and entaü swimming or boating, an impractical 
proposition. The limited views across the sites and complete inaccessibility of some 
banks, e.g. a large portion of Al, had to be taken into account when developing a 
method for still waters.
The only practical solution was to divide the pond or lake into sub sections and 
incorporate a series of view points across the water into the transect route. It was 
convenient to allocate an area of water to be searched from each view point. The 
size of the water bodies required the use of binoculars, to scan once across each 
area of water. By this method the majority of the water body could be viewed. On 
angling lakes the fishing platforms provided ideal viewing points. As many lakes and 
ponds in Britain are used for angling, this method could be applied on many sites. 
On one of the lakes without angling, A l, viewing points needed to be cut 
specifically. The points were selected to view the maximum possible area of water.
The view point method prevented the continuous slow stroll requirement used on 
linear transects, but is very similar to the need to stop periodically to scan floating 
leaves for Eiythromma najas used by Brooks (1993). Indeed, by establishing fixed 
stopping points repeatability of the method is improved. Stopping to note down 
counts of insects seen was in any case found to be necessary on aU transects.
The transects were forced away from the waters edge on a number of places on all 
sites studied due to impenetrable vegetation and poor ground conditions. The view 
point method allowed the examination, without duplication, of water already passed 
and otherwise not examined. The transect route away from water through 
woodland tracks and glades also allowed the monitoring of habitat otherwise missed 
by a purely bankside transect.
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The beat effect of territorial species such as Anax imperator was found to be 
especially marked on small ponds where individuals would be in constant motion 
passing the observer at regular intervals. On occasions with high density of 
anisopterans there was constant territorial activity with individual insects passing in 
front of the observer many times such that counting the number of actual passes 
was very difficult if not impossible, even the act of pausing to note down a pass 
would often result in the same insect making repeated passes in firont of the 
observer. The decision to not Imowingly double count any one individual was 
essential to make sense of the situation. This counting method is closer to the 
method of estimating peak numbers present used on the existing odonate survey 
methods i.e. card RA70 (Hold 1997).
4.1.3 Exuviae and larvae counts
No published accounts of transects to count odonate exuviae were found, despite 
counts of exuviae being the only way successful breeding can be proved. It is the 
nature of odonates to be exploratory. Their breeding areas are ephemeral habitats. 
The adults of all species need to seek out new breeding sites. This frequently takes 
them to unsuitable sites and climatic regions. Migrants are observed regularly 
outside their breeding zones (Askew 1988). Adults are frequently found beside water 
that is not suitable for breeding (Merritt et al. 1996), therefore observation of adults 
at water does not necessarily indicate that it is suitable for breeding of the species.
Mating and oviposition can only indicate attempted breeding that may subsequently 
fail if the habitat is wrong. Copulating pairs can stül fly and in many species the 
females are released before ovipositing, in both cases egg laying may not take place 
at the nearest body of water. Oviposition has been observed in locations that could 
not support larvae. Instances have been recorded of oviposition into shoes and 
trousers of observers (Müler 1995), onto tarmac roads and stony lanes, and 
waterless grassy depressions (Radford 1995). (An incident of apparent oviposition 
into shoes occurred h j Aeshna grandis during an exuviae collection at Al in 1995).
Some of these observations may not be actual oviposition but the testing of the 
substrate of potential oviposition sites by females. The impression to a recorder wül
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be of actual egg laying and so it is likely that such behaviour wUl be recorded as 
oviposition.
The presence of larvae does not guarantee adults as they may die due to factors 
such as predation or drought, but they do indicate breeding attempts are further 
along the route to producing viable adults.
Despite the importance attached to finding an exuviae as a means of confirming 
breeding species, and hence identifying important sites, larvae and exuviae 
identification has remained an interest of a minority of recorders. Possibly this is 
because the technique is regarded as difficult, an impression that does have some 
basis in truth. Locating the larvae or exuviae is much harder than spotting the adult 
insects and can involve intensive searching or netting in wet, cold and muddy 
conditions. Published identification keys are designed for final instar larvae (and so 
also applicable for exuviae), younger larvae may not have developed the diagnostic 
characters by the time they are caught and examined. The small size of specimens 
and the diagnostic characters frequently requires a hand lens or better still a 
microscope. The need for equipment wül deter a number of potential recorders. 
This feature can be an advantage, specimens can be taken to the laboratory and 
time taken over their identification ensuring less mistakes are made.
Some species are difficult to identify even as final instars or exuviae. For instance 
separating Sy??tpetrum striolatnm from T. sanguineum relies on comparing differences in 
length of lateral spines (Gardner 1954) or length of premental setae (MiHer 1995). 
These differences are difficult to detect even on perfect specimens. Identification is 
further complicated in that the setae frequently are broken or missing. Differences 
in the lamellae of zygopterans is a key character yet these organs are frequently shed 
and so may be missing or only partially regrown. In the case of Coenagrion puella and 
C. pulchellum identification characters that positively separate the two are still 
tentative (Seidenbusch 1996).
The difficulties in identification for most species are no more than found in 
identifying adults. The large anisopteran exuviae are relatively straightforward to
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identify. In the case of species that rarely settle yet require close examination for 
positive separation of adults, such as Somatochlora metallica and Cordulia aenea^  
collection of exuviae or larvae can prove to be easier than catching flying adults.
Collection of larvae presents its own particular problems. Moore & Corbet (1990) in 
their guidelines for monitoring odonates do not recommend the use of larval 
sampling.
There is no standard collection technique for invertebrates of still water. The kick 
sample adopted as a standard technique is only applicable to shallow running water, 
relying on the force of current to sweep invertebrates into a net once disturbed by 
the feet of the collector (Sutherland 1996).
The method can be adapted for use on still waters by taking a standard number of 
standard sized net hauls of equal length (Sutherland 1996), and was the technique 
used in this study. This method samples a set volume of water. To take samples of 
the benthos this must first be disturbed before taking a net haul through it 
(Chalmers & Parker 1989). This has been used for odonate collections already. 
Drake (1991) used standard length of net haul when sampling for Ustes dtyas.
Odonate larvae wiU be distributed across the entire water body both in the basal 
sediments and in any weed beds. Sampling is difficult as submerged weed beds are 
difficult to detect, let alone sample for odonate larvae. Deep waters require boat 
access, a method Corbet (1957) found impractical. Tow nets work best when 
sampling open water and therefore are of little use when collecting specimens 
sheltering in basal sediments or weed beds (Sutherland 1996). Corbet (1957) showed 
how larvae of A nax imperator had a preference for specific plant zones, the 
preferences varying with the developmental stage of the larvae, so adding an extra 
complication to their collection.
Wading across the water body gives access to a more representative area of habitat 
than can be sampled by netting conducted entirely from the bank. Unfortunately 
this method does have several drawbacks that ruled it out in this study. It is
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impossible when depths exceed about 1.5m as occurred in at least some sections of 
all the study sites. It can be dangerous when basal sediments are uneven or consist 
of thick beds of soft silt or clay and this was the case for parts of site Al. Wading 
would be highly disturbing to any angling interest, and permission was not 
forthcoming to do this on A2 and B2, where angling occurred. This latter problem 
was also a factor against sampling from boat. Sampling from the bankside was the 
only method that could be used on all sites.
As larvae move into the lake margins prior to emerging on the marginal aquatic 
plants all odonate species, including tihose that spend the majority of their Hfe cycle 
in deeper water or away from the margins, should be available for collection for 
bankside sampling (Corbet et al 1960). Corbet (1957) found that larvae of Anax 
imperator gathered together in the shallows for 2-5 days before emergence and that 
the emergence period lasted up to 50 days. However the vast majority of individuals 
emerged within the first 10 days of this period and the start of emergence varied by 
3 weeks between years. The numbers collected during bankside larval sampling are 
thus likely to vary greatly due to timing. During the current study larval sampling 
only took place in 1995 and on just two occasions, once in May and again in 
June/July. The difficulties involved with collections and being limited to just one 
years data prevented the larval results to be used as an accurate measure of 
population sizes. However presence of species as larvae acted as useful check 
against results for adults and exuviae.
The number of insects that complete their aquatic stages to reach adulthood is a 
measure of the conservation value of a site to odonates. This could be measured 
dhectly if all the exuviae at a water body could be collected. In practice this is not 
practical as many exuviae emerge on inaccessible sites that cannot be searched, are 
overlooked when searching (especially the smaller zygopteran species) or are 
destroyed or removed from site by bad weather particularly high wind and heavy 
rain (Moore & Corbet 1990). Whilst most species and individuals emerge at the 
waters edge cases are regularly recorded of individuals that emerge at a distance or 
on unlikely emergence supports (Corbet 1957, Miller 1995). In the field exuviae
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rapidly deteriorate with age to the point of collapse so preventing identification if 
tliey become too old. Adverse weather such as rain or high wind can dislodge even 
fresh exuviae and so prevent theit discovery. Searching all possible emergence sites 
on a daily basis would be excessively time consuming and many individuals could 
still be missed.
Moore & Corbet (1990) recommend weekly collection of anisopteran exuviae but 
because of the difficulty in finding the smaller zygopteran exuviae prefer to count 
teneral zygopterans as proof of breeding. Teneral adults are not able to fly far and 
are restricted to short dispersal flights away from water. In this study, sites under 
investigation are all part of larger multi-pool complexes, with water bodies very 
close to one another (Figure 4 & Figure 5). A dispersal flight away from the water 
body they emerged from would be highly lilcely to take them towards another water 
body. Thus teneral insects could not be used in this study as a proof of breeding 
from the site where they were observed. In practice the finding of zygopteran 
exuviae was not found to be a problem. During the three years of the study 3490 
zygopteran exuviae were found in comparison to 1406 anisopteran exuviae.
Collection and identification of exuviae was a time consuming process. A weekly 
collection at the four sites was impractical for this reason alone. The monthly 
collection interval used was a workable compromise, enabling regular and 
reasonably frequent collections to take place throughout the summer emergence 
period. The similarity between species recorded as adults and exuviae (Table 20) 
indicates that Hie monthly collections were sufficient to determine the breeding 
assemblage at each site
4.1.4 Data processing
The interpretation of the raw data gathered may be affected by the methods with 
which it is subsequendy processed. This processing is necessary to allow 
comparison between species and sites but any method used will have inherent 
problems.
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The National Butterfly Monitoring Scheme converts raw counts for each species to 
an index (PoUard 1991). This gives an accurate assessment of change between 
years for each species. It is most beneficial when used on long term studies to show 
change over many years. As it is independent of population size, it can only indicate 
improving or worsening conditions at any one site. It has limited value in assessing 
optimum habitat conditions for any particular species and cannot be used for 
comparing sites.
There is no standard method of odonate transects which has the knock on effect of 
there being no standard method of data processing. One figure commonly used is 
the maximum number of males per 100m of bank (Parr 1976, Merritt et al. 1996).
In this study counts of adults from nine transects covering the main odonate flight 
period (mid May to late September) were converted to a density figure per length of 
transect (Table 14 and Table 15).
Counts of species largely confined to the margins e.g. Cordulia aenea or marginal 
vegetation e.g. Coenagrion spp. are weU suited to the use of bank length as the base 
measure for determining density. The species that are territorial over water e.g. 
A nax imperator and Eiythromma ncyas, may be better represented by a figure based on 
area of water body. Large water bodies with a comparatively high ratio of water area 
to bank length wiU produce higher figures for these latter species when compared to 
sites with a small area of water to bank length even when density per m^ remains 
the same.
For tliree sites transect length was roughly equivalent to bank length but for site Al 
transect only covered half the banks. This may also tend to produce higher figures 
for open water species for this site in comparison to the other three study sites.
The density figures were compiled from the nine weeks data covering the whole 
summer rather than concentrating on the week or weeks with peak numbers. This 
will depress the figures when compared to counts of maximum numbers, as
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frequently quoted (Moore 1953, Merritt et al 1996), but has the advantage of 
preventing a few and untypical high counts from unduly affecting the results.
To enable comparisons between sections exuviae counts were converted to 
numbers collected per hour (Table 17). It was considered that time spent searching 
was a major factor affecting numbers collected. Searching aU marginal vegetation 
would have enabled the construction of figures based on length of bank similar to 
adults, but time constraints make this impossible for all but the smallest ponds or 
sections, or those with nfinimal marginal vegetation.
On sites with marginal vegetation confined to accessible banks aU potential 
emergent sites could be thoroughly searched. This was not the case for aU sections. 
This was especiaUy noted on site Al, where only half the bank was accessible. 
Emergent vegetation was present on many islands of section 5 and the inaccessible 
fen area of section 7. In these cases the proportion of exuviae produced by the site 
wiU be much reduced compared to sites in which aU potential emergent sites are 
easy to access and search.
On a few occasions exuviae were so numerous that many more were seen than 
could be coUected in time available (site Bl section 4 and 11 in July 1994, site Bl 
section 11 in July 1996), the effect being to produce a figure, constrained by speed 
of coUection rather than density of exuviae. In this situation the figure based on 
time wiU underestimate numbers present, a problem that would not affect figures 
calculated on bank length.
The problems with the various techniques as discussed above need to be borne in 
mind when interpreting the results but the problems in themselves do not devalue 
the methods. If it can be proven that the methods were successful in producing 
accurate and repeatable results, then differences can be ascribed to genuine 
differences in odonate populations and not poor methodology. Of particular 
interest is the effect of the minimum effort methodology of biweekly counts used in 
1996, and the adaptations to the method for use on lakes and ponds.
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4.1,5 Effectiveness of the method used
Brooks (1993) looked for a consistency of results between different observers, a 
gradual rise in number to a peak and a decrease after for each species, and a 
consistency between seasons and sections favoured by each species. These tests 
formed the basis for the test applied to the results obtained in this study.
The site species lists produced by the transects are simüar to the lists produced by 
repeated but irregular and non rigorous surveys. The differences being confined to 
the rarely recorded species, possibly rare vagrants or those occurring at very low 
density. This indicates that the author’s identification of flying adults was not 
incorrect and also that the transect method with its restrictions on timing and 
observation direction does not limit the species recorded.
The assumption of the second test used by Brooks (1993) was that each species 
should show a gradual rise to a single peak, with a fall in numbers afterwards. This 
does hold good on a national basis for at least eight species (Merritt et al 1996). Parr 
(1976) has shown that Enallagma cyathigemm can have two peaks. FoUett (1996) 
suspected that this may also be the pattern for Erythtvmma najas in Surrey.
This may also apply to other species and may vary between regions. For the test to 
support the method it is sufficient that the phenology of each species should be 
consistent from year to year. For the four species examined (Lestes sponsa, Coenagrion 
puella, Enallagma cyathigemm and Erythromma najas ) this proved to be the case.
Consistency by section evidence also supports the view that the transect method is 
producing repeatable results, with observed variations being due to real population 
differences.
AÜ three tests suggested by Brooks (1993) when applied to the results indicate the 
transects are a valid means of monitoring odonate populations.
In the absence of exuviae surveys Brooks (1993) made the assumption that peak 
numbers of adults coupled with mating behaviour indicated optimum breeding
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conditions. This study by recording larvae and especially exuviae can check that 
assumption.
The presence or absence of exuviae of any one species can also be used as a fourth 
check of the adult transects. For the adult transects to be considered effective they 
must record the majority, if not all the species using the site for breeding, as proven 
by the presence of exuviae. This was the case. A weakness occurred in that there 
were eight incidences of exuviae being found to confirm breeding where breeding 
behaviour of adults had not been observed.
It is tempting to suggest that regular occurrence of adults indicates breeding, 
especially so for species in which breeding behaviour is rarely observed, such as 
Somatochlora metallica. The comparison of adults, attempted breeding and exuviae 
(Table 21) confirms that presence of adults (without breeding evidence) cannot be 
relied upon to indicate breeding success. The assumption would have considered 
the common species regularly seen at B2, and Calopteiyx splendens regularly seen at all 
four sites to be breeding, but this was not the case.
In Britain C  splendens normally breeds only in running water (Merritt et al. 1996).The 
assumption could be refined to accept that presence of adults away from breeding 
habitat cannot be taken as breeding evidence. However C  splendens has been known 
to breed in lakes (Siva-Jothy 1997), illustrating that Imowledge of critical habitat factors 
even for common species are not fully understood and so a definition of what 
constitutes habitat suitable for breeding is not possible.
Although the occurrence of breeding behaviour indicates successful breeding is 
likely, absence of breeding evidence cannot be taken as indicating the species is not 
breeding.
The collection of larvae was an inefficient means of determining the species 
breeding. The larvae results under recorded the species present, as subsequently 
proven by the collection of exuviae (Table 20). This may be partly due to the fact 
that larval sampling was restricted to two collections in 1996, however the 1996
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results show 39 exuviae/site records, over twice as many as the 19 larvae/site 
records (Table 16). The weakness of larval recording is probably inherent in the 
method used. The sampling was restricted, by time and logistical difficulties, to small 
numbers of limited volume sweeps at die water body margins. This did not collect 
many Anisoptera probably due to the larvae being present in very low densities in 
these locations at the time of the sampling.
Corbet (1957) found that larvae only moved into the shallow margins
a few days prior to emergence, were concentrated at certain areas along the 
shoreline and took evasive action from sudden movement. AH these characteristics 
would act to limit coUection. Corbet (1960) also remarks on the difficulty of 
coUecting the larvae of Cordulia aenea especiaHy its early instar stages. Many larvae are 
more active at night (Brooks 1997a) so reducing the probability of coHecting these 
during the day. Larval sampling by netting at a water body’s edge is not an adequate 
means of determining breeding species of odonates present at that site, let alone 
providing quantifiable information.
The comparison of relative abundance of adults and exuviae by site confirmed that 
observation of adults largely reflected the breeding population as measured by 
exuviae. In only three cases a discrepancy was observed between adult and exuviae 
figures aU for anisopterans {Aeshna mbcta^  A . grandis and Sympetrum stiiolatum). In each 
case high relative abundance scores for exuviae were seen but adults only occurred 
at low relative abundance.
This may be partly explained by reference to the behaviour of the adult 
anisopterans. For species in which the males are territorial the adult counts wiU be a 
reflection of the carrying capacity of the site for adult males rather than the carrying 
capacity for larvae (Moore 1991). A . mixta and Sympetrum striolatnm are both strongly 
migratory (Askew 1988), and both species produced high numbers of exuviae 
(compared to the other anisopterans) at site Bl, foHowing periods of drying or 
pond creation. The two species appear highly adapted to the use of temporary 
habitats. Under optimum conditions a site can support a high density of larvae, 
many more individuals wHl emerge than the size of the water body can support as
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adults, the bulk of the emergent population leaving their natal site in search of new 
water bodies.
The collection of exuviae remains the best way of deterniining and quantifying the 
breeding assemblage. The exuviae results from this study correspond closely to the 
results for adults and so (as do the tests for species phenology, different observers 
and consistency by section) support the use of odonate transects as a useful 
monitoring tool.
The reduction of weekly transects, from 20 to 18, made little difference to their 
effectiveness. The further reduction to nine biweekly transects showed no 
significant loss of accuracy in assessing the odonate assemblage present.
A major advantage of the odonate transects is that they enable the construction of 
flight phenologies based on numbers of insects present rather than number of 
records. In the absence of odonate transects the latter method is generally used 
(Merritt et al. 1996) but can be more a measure of recorder activity rather than 
population dynamics.
The production of the phenology of a species requires peak counts. These are only 
obtained during optimum weather conditions. Even a year’s weekly counts are 
unlikely to produce an accurate phenology as periods of poor weather are inevitable. 
To produce a meaningful picture of a species flight period the biweeldy transects 
would need to be repeated for more years than the weekly transects.
Species seen at very low densities are at greater risk of not being recorded by the 
biweekly transects than the weekly transects. This may be of relevance with 
reference to rare breeding species, but it is vagrant and migrant individuals visiting 
the site which are most likely to be missed and these are not relevant to the 
assessment of the breeding assemblage.
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4,2 Assessment and comparison of the value to Odonata of the four water 
bodies
4.2.1 Typical assemblage
Seven species were confirmed breeding or attempting to breed at all four sites. 
These were Ischnura elegans Enal/agma cyathigemm, Eiythromma ncyas, Orthetmm 
cancellatum, Sympetrum striolatum, Coenagrion puella, and Aeshna mixta.
These can be regarded as the core breeding odonate assemblage of the Blackwater 
Valley Lakes.
A further four species; Caloptetyx spkndens^  Cordulia aenea^  Pyrrhosoma nymphula and 
Aeshna grandis were also seen as adults at all four sites, and so complete the species 
list that would result from typical recording of adults as is usual when surveying 
Odonata.
Calopteiyx splendens was not recorded as breeding at any of the study sites. It is a 
species of rivers and streams (Askew 1988) but it has been recorded breeding in 
lakes close to rivers(Siva-Jotliy 1997) .It is seen in large numbets, and has been 
confirmed breeding, on the River Blackwater which flows close to all four study 
sites. This species can be regarded as using the gravel pits for non breeding activities 
such as feeding and shelter, but is not currently part of the breeding assemblage of 
the Blackwater Valley lakes.
Cordulia aenea., Pyrrhosoma tymphula and Aeshna grandis were confirmed breeding at 
three sites but not at B2. Here the conditions were extremely inhospitable to 
Odonata, with adult and exuviae numbers very low throughout the study period. 
Despite this, the core seven did attempt to breed, five successfully (Table 20) before 
conditions deteriorated to the extent that no odonates at all were confirmed 
breeding in 1996 (Table 16d).
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It is expected that these three species would be part of the typical assemblage under 
normal conditions but were not as tolerant, as the core seven species, of the poor 
conditions at B2.
This typical assemblage bears close comparison with those at other gravel pit 
complexes.
Milne (1984) surveyed six typical pits in the Ouse Valley, and found seven species 
ubiquitous as adults. Six of these are also part of the typical Blackwater Valley adult 
assemblage. These being Ischnura elegans Enallagma cyathigerum, Orthetmm cancellatum., 
Sympetmm striolatum, Aeshna mixta and A . grandis.
Only one species was found at aU six Ouse Valley pits that was not also part of the 
Blackwater Valley assemblage, this was Aeshna yanea.
Seven species are also described as breeding throughout the Cotswold Water Park, a 
complex of 100 ex-gravel pits (Fox et al 1992). The six ubiquitous species given 
above were again mentioned with Ubellula quadrimaculata being the seventh species.
The list of six species common throughout the three gravel pit complexes confirms 
that there is a typical odonate assemblage of gravel pits in Southern England.
4.2.2 Differences between assemblages
The odonate assemblages at the four study sites was compared using density figures 
and relative abundance. The density figure allowed a comparison of population size 
of individual species whilst the relative abundance figures provided an assessment of 
the assemblage present on any one site.
Density and relative abundance are calculated based on numbers counted during the 
transects and so are linked data. However the use of both during site analysis is 
useful as this can illustrate differences or similarities that may be missed by the use 
of just one method.
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Relative abundance figures express the abundance of any one species as a ratio of aU 
species at that site and so are unaffected by total numbers seen and thus allow 
comparison of assemblages between big and small sites, and between years with 
good and bad weather conditions.
A weakness of relative abundance is that it does not take into account overall 
population size so can not differentiate between two sites with similar assemblages 
but vastly different numbers of insects. Also it does not allow comparison between 
sites of their relative values for any one species. Take the case of Ischnura elegans this 
species has its highest relative abundance of 23.1% at B2 seeming to indicate this is 
its best site (Table 24). A comparison with the density figure reveals the opposite to 
be true (Table 25).
A comparison of density and relative abundance scores for both exuviae and adults 
revealed that the four sites had assemblages distinct from each other (Table 27), 
proving that restoration, current use and management does affect the odonate 
assemblage of the gravel pits.
Bl was the best site for Odonata judged on 3 criteria; numbers of species seen as 
adults, highest density of adults of all species and number of breeding species. This 
was the site specifically restored for nature conservation following the advice of the 
Dragonfly Conservation Group.
The most productive site for exuviae was A2, the older lake with angling. This was 
due to high number of Erythromma najas and Enallagma cyathigemm found here.
The worst site by far was B2, the young site restored specifically for intensive 
angling and heavily stocked with fish. A small number of species tried to colonise 
this site but none succeeded in establishing a self sustaining breeding population.
4.2.3 Effects of site age
The older lakes. Group A, supported a similar variety of anisopteran species but 
only at low densities. AU six zygopteran species seen during this study were found 
breeding at both older sites.
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A suite of five species showed greater breeding success at the older sites. Known 
habitat preferences suggest why mature gravel pits are more attractive to three of 
these species. The larvae of Cordulia aenea and Somatochlora metallica are believed to 
requite leaf litter on the lake bed, whilst Aeshna grandis oviposits in rotting wood at 
the waters edge or floating on the surface. These three species would benefit from 
the development of fiinging woodland around the lakes’ edges. Prior to gravel 
extraction most sites were being used for agriculture and were pastures or arable 
fields. Trees and hedges are largely remove during extraction. Planting as a part of 
restoration, and natural colonisation soon establishes tree cover but it will take time 
before the trees are old enough to supply quantities of fallen leaves or rotting timber.
The other two species, associated with the older sites Pytrhosoma nymphula and Ijsstes 
sponsa, are both considered to be widespread species able to tolerate a variety of 
habitats (Merritt et al 1996). Fox et al (1992) considered Lestes sponsa to be scarce in 
the gravel pits of the Cotswold Water Park only associated with shallow water 
colonised by Eleocharis palustris. L  sponsa was also a rare species in the Ouse Valley 
gravel pits (Milne 1984). Pyrrhosoma tymphula was absent from the Ouse Valley and 
not mentioned as part of the Cotswold Water Park fauna. Despite being widespread 
in Britain both species are scarce in ex-gravel pits but the gravel pit habitat seems to 
improve with age. Just what the critical factors are remains to be investigated.
Two species were not recorded at either the older gravel pits, one, Ubellula depressa 
is known as a specialist of new sites (Brooks 1997c). The absence of the other 
Brachytron pratense, is of interest as it does breed in mature gravel pits (Merritt et al 
1996) and has been recorded from older gravel pits of the Blackwater Valley 
(Parkinson 1993).
The older sites were a relatively stable habitat. Little change to the vegetation was 
observed during the three years, water levels remained stable during each year and 
water parameters changed little between winter and summer (Appendix V). This 
stability was reflected in odonate numbers with few obvious trends during the three 
years. However at site A1 exuviae collections indicate a decline in Eythromma negas 
and Enallagma yathigerum and corresponding rise in Coenagnon puella (Table 16a)
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during the three years of the study. Site A1 had been previously used for angling 
and stocked with fish, but had been netted and fish removed in the 1980’s. This 
trend may be associated with changing numbers of fish present rather than a 
development associated ditectly with the ageing of the site.
Both young sites (group B) had been old gravel workings. Site B2 was a large lake 
used for angling, with a moderately diverse botanical assemblage of 30 different 
species of aquatic plants. Site Bl before construction was a mixture of shallow 
ponds and wet woodland that had developed on old silt beds. Whilst this formed a 
varied habitat there was less diversity of aquatic plants, the richest pond having only 
13 different species (Hall 1992). In 1993 both sites were re-excavated and restored 
specifically to maximise their new use.
The different management regimes at the two sites had a marked effect on habitat 
and this wül have had major effect on odonate populations. By July 1994, Bl was by 
far the botanicaUy richer site with 62 aquatic plant species, over twice as many as B2 
(Table 5).
In a long term study of 23 newly constructed ponds Moore (1991) found that 
colonisation by odonates could follow two patterns. Sites having emergent plants 
introduced immediately after being dug going through different development stages 
than sites dug and then left to natural succession. These latter sites had a short 
pioneer stage when only two species, Ischnura elegans and Sympetmm striolatum were 
present. During the following 11 years the assemblages continued to develop, six 
other species colonised and Pynhosoma rymphula and Brachytron pratense appeared and 
disappeared. Following this developmental stage was a climax stage with a settled 
fauna of eight breeding species. In comparison the ponds to which marginal plants 
were introduced did not go through the pioneer stage, most odonate species that 
bred at these sites colonising in the first year. One conclusion drawn was that adult 
odonates could perceive if the habitat was suitable for successful breeding, not 
remaining on site if this was not the case.
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At B2 adults were present only in low densities of a restricted number of species. 
This is despite being within 20m of the Ash Embankment of the Basingstoke Canal, 
one of the best sections of one of Britain’s best odonate sites (Hall 1994), and 
within 200m of a complex of ex-gravel pits (including site Bl) supporting many 
species of odonates. This supports the view th$t adult odonates can assess the 
suitability of a site for breeding. The low level of breeding success at this site must 
be at least partially be due to low numbers pf breeding attempts, rather than death 
of eggs and larvae caused by poor habitat factors.
The odonate assemblage at B2 showed little development over the three year study 
period with no evidence of a pioneer or development stage in adult numbers (Table 
15d). Exuviae numbers declined to zero in 1996, a reverse of the expected 
development. Exuviae were restricted to just two sections of B2, sections 1 and 4. 
Section 4 was the only section in which marginal plants were introduced to this site. 
A coir roU ready planted with a variety of marginal plants was introduced in April 
1994 along the entire section as an erosion control measure. Three species of 
exuviae were found in these marginal plants in 1994 including the only anisopterans 
found at this site, Orthetmm cancellatum and Sympetmm striolatum. The movement of 
odonate eggs or larvae with aquatic plants is a recognised phenomenon (Smith
1995). It is a strong possibility that the exuviae were introduced to B2 as late instar 
larvae with the coir roUs.
The pioneer stage and subsequent assemblage development as described by Moore 
(1991) was not apparent at site Bl. This is probably due to two factors. The new 
ponds here did have a few marginals and submerged aquatics introduced. Some of 
these were individual plants bought commercially but most were in the form of 
plants or turves transplanted from adjacent ponds being destroyed by road 
construction. Independently of these introductions a rich aquatic plant community 
started to develop rapidly from 1994 onwards, probably as result of these ponds 
being dug on the site of old silt beds. The sediments would have contained a seed 
bank that started to develop once disturbed (HaU 1992). The result was a site rapidly 
colonised by both plants and odonates (Appendix IV and Table 15c). In 1994 the
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first year after excavation 13 species were confirmed breeding, none solely in 
section 6, the existing pond that had been shallowed. It was noticeable that Moore’s 
pioneer species, Ischnura elegans and Sympetrum striolatum both had their largest 
number of exuviae in this first year after the ponds were constructed. The numbers 
of Sympetmm striolatum exuviae at this site were remarkable, the highest for any 
species at any of the sites, and in sharp contrast to other anisopterans. There were 
most in 1994 the year after construction but also very high numbers in 1996 the 
year after the drought.
The expected development of the assemblage at site Bl was also affected by the 
severe drought conditions of 1995 when water levels dropped across the whole site 
and seven of the eight ponds dried completely. During this year 18 of the 22 species 
seen at the site during the three years were at their lowest adult densities. Despite 
this 15 species survived the drought conditions to emerge the following year. Even 
species such as Aeshna grandis, that requires at least two years as a larva (Merritt et 
al 1996), were able to survive in the dried up ponds. Ustes sponsa and Aeshna mhcta 
benefited from the drought with their breeding success being markedly improved 
the following year. These are both late season species that can complete 
development in one year. Three species, Eythromma ncgas, Anax imperator and 
Somatochlora metallica could not survive in the drying ponds, but were able to survive 
in section 6 which retained water throughout the drought of 1995. Enallagma 
cyathigemm was not recorded as an exuvia in 1996 even in section 6 despite 
previously being plentiful. The fact that some species can survive temporary drying 
whilst others can not survive even with water present suggests that simple presence 
or absence of water is not the critical habitat factor. Factors such as water 
temperature and oxygen levels will have been affected greatly by the drought and it 
was probably changes in one or more of these that prevented E. cyathigemm from 
surviving.
These drought conditions are not typical of the ex-gravel pits in the Blackwater 
Valley. Site Bl had been designed for nature conservation as shallow ponds, the low 
rainfall of 1995 together with nearby de-wateting to enable road construction
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caused the drying. This combination of ckcumstances is unHkely to happen again 
even in another year with low rainfall similar to 1995.
4.2.4 Effects of fish stocks
Fish population had a large impact on the odonate assemblage of each site. The 
very heavy stocking at the intensive fishery of B2 prevented any odonates from 
breeding. Whilst the medium fish stocks at A2 restricted all anisopterans and most 
zygopterans to low population levels.
In contrast the two sites not stocked with fish (Group 1) had a greater variety of 
species and maintained larger populations of most species including all the 
Anisoptera. Clearly sites with low fish stocks are of benefit for odonate 
conservation.
The effects of fish stocking influencing the odonate assemblage has been noted by 
Flory (1996), high stocldng reduced the diversity of species but the species present 
were noted in abundance.
The effects of fish stocking upon odonates could be due to predation, competition 
for food or fish indkecdy altering the habitat, for instance eating weed that the 
odonate larvae rely on. It has been shown how bottom feeding fish, such as Bream 
{Abramis bmmà) and Carp {Cypnnus caipio), feed on midge larvae and other small 
invertebrates and are in dkect competition for food with predatory invertebrates.
These bottom feeding fish also disturb the basal sediments preventing the 
establishment of submerged weed beds and this can be detrimental to aquatic insect 
populations (Giles 1992). The effects observed by Gdes (1992) occurred with fish 
stocking densities of 350-420 kg/ha. A2 has stocking estimated at about 550 kg/ha 
including many Carp (EUis pers. comm.), and so could be expected to show similar
effects.
I
A2 had extensive beds of submerged plants (Table 8), these were mainly composed |
of the fast growing alien Elodea mttalBL Native submerged pondweeds, Potamogeton \
Ispp. and floating leaved plants were much restricted in both coverage and variety of
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species. (Table 8 & Appendix IV). Site B2 had very little submerged or floating 
leaved plants at all (Table 10 & Appendix IV). This is probably due to the heavy 
stocking of the site with bottom feeding fish before weed beds had become 
established so preventing their development.
Morin (1984), by excluding fish from parts of a pond, found total abundance of 
odonate larvae increased by an order of magnitude compared to areas with fish 
present. In the presence of fish, odonate species with a small final instar were 
dominant but when fish were excluded medium sized species dominated the 
assemblage. These findings suggest a size dependent process such as fish predation 
was important in determining the population structure of the odonate fauna.
Experimental data from Benke (1978) suggested that the primary determinant of 
odonate community structure was the interaction between availability of refuges 
used by the smaller odonate larvae and the predation rate upon them by larger 
odonate larvae,
In other experiments Crowder and Cooper (1982) observed the effect of predatory 
fish on odonates. The larger more active larvae were preyed on preferentially so 
favouring the smaller and less active larvae. The numbers of some prey species were 
seen to actually increase after the introduction of fish.
This experimental data suggests that in water bodies with low fish numbers the 
larger odonate species wdl be favoured. When freed from predation or food 
competition from fish the anisopterans will dominate the odonate assemblage. At 
sites of medium fish stocking the predation of the larger larvae by fish benefits the 
smaller species by reducing the numbers of then potential predators. The trends 
observed in this study generally support this theory but with some exceptions.
At site B2, with very heavy fish stocking and without submerged weed beds to 
provide larval refuges no odonates at all could survive. The very low counts of 
adults and even less breeding evidence at Site B2 suggest that the adults are able to 
detect that the habitat is unsuitable for breeding. The low counts of exuviae at this
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site must at least partially be due to absence of eggs and larvae rather than death of 
these due to the effects of the fish present.
In contrast at site A2 with dense beds of submerged weed the overall productivity 
of zygopterans species was at its highest, producing a higher density of exuviae, than 
at sites without fish. However this affect was largely confined to two species 
Enallagma cyathigemm and Erythmnma najas. Other species did not show a marked 
increase and one, Coenagnon puella, a very similar sized larvae to Enallagma gathigemm 
suffered a marked reduction in the presence of fish showing that the relationship 
between fish and survival of odonate larvae is not solely dependant on size.
The tolerance of Enallagma cyathigemm to abundant fish populations has been noted 
and ascribed to larval behaviour. B. cyathigemm has a larvae that rarely interact with 
other larvae or defends feeding sites, this passivity may provide a degree of 
protection against fish predation (Miller 1997).
This cannot be the entire explanation as Eiythromma najas has a larvae described as 
“highly active” (Cham 1997), whilst the larvae of Coenagnon puella are smaller than 
Eiythromma najas and more passive adopting a “sit and wait” hunting method 
(Thompson 1997).
The factors that result in a species ability to succeed in the presence of fish are 
more complex than size, even when modified by activity levels and refuge 
availability. The predation of larger larvae on smaller of the same species can 
actually decrease the number of the younger instars of species that would develop 
into large larvae in later instars. Many species are known to be cannibalistic, for 
instance Aeshna grandis, A . yanea and Anax imperator (Merritt et al 1996), and so 
could self regulate their own number to the advantage of smaller species.
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4.3 Habitat conservation issues for five species of special interest
4.3.1 Brachytron pratense
Brachytron pratense is usually thought of as taldng more than a year to complete 
development (Merritt et al. 1996), but was found as an exuviae at site Bl just one 
year after it had been created. There are two possible explanations for this, either it 
had colonised B i a s  larvae via the ditches linking these new ponds to the adjacent 
lakes, or it had completed its larval development in one year.
Exuviae of Brachytron pratense were also found at Bl in 1996 at sections that had 
dried completely the previous year. Again this could be due to larval colonisation or 
one year larval development. The survival of larvae on the muddy exposed pond 
bed is a third possibility. Although sounding unlilcely anisopteran larvae have been 
known to survive temporary drying of ponds suggesting that the larvae can survive 
short periods of drought by burrowing into wet mud (Miller 1995).
Although this species usually takes more than two years to develop it has been 
known to do so within one year (Holmes 1984), this is considered the most likely 
explanation in this case.
Results from this study Hnked Brachytron pratense with water having warmer summer 
temperatures than the four other species analysed. The warmer than average 
summers that occurred during the study and the shallow water at the observed 
breeding sites will have lead to comparatively warm water conditions. This may have 
helped to speed larval development allowing maturity within one year.
This study supports the view that that B. pratense requires a rich and diverse 
vegetation at its breeding sites. Parkinson (1993) found an association with breeding 
sites of B. pratense and a high diversity (over 11 species) of emergent, floating and 
submerged species, with at least three different species of submerged plants. Merritt 
et al. (1996) Unk B. pratense to sites with “plenty of tall emergent vegetation”. 
Emergent plants were surveyed but not categorised by height in this study. 
Emergent plants were present at aU breeding sites. For two of the three sections 
where breeding was confirmed emergent plants fell into the category 1-20% cover.
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and for one section there was 60-80% coverage (Table 9). It should be noted that 
Bl was a young site. Vegetation surveys were carried out in July 1994, after which 
there was continuing development of the habitat, especially establishment of 
submerged, emergent and bankside vegetation. Thus the survey probably 
underestimates the coverage of emergent plants in years 1995 and 1996.
B. pratense is currently undergoing an expansion in range across Britain, partly aided 
by its use of mature gravel pits (Merritt et aL 1996), and is Icnown to breed in such 
sites in the Blackwater Valley (Parkinson 1993). Despite this it was absent from the 
two older sites.
Moore (1991) noted that B. pratense was characteristic of mid successional sites, 
taking a few years to colonise a new water body but disappearing from ageing sites. 
The requirement of this species for a diverse aquatic flora (Perrin 1997, Parkinson 
1993) may prevent its use of the older sites as the development of a dense 
woodland fringe appears to inhibit the marginal and submerged flora it requires 
(Appendix IV). The link with warmer water temperatures could be another factor at 
work as the shade cast by the water edge trees wiU limit summer water 
temperatures.
4.3.2 Cordulia aenea
Perhaps surprisingly for a species considered nationaUy rare, Cordulia aenea appeared 
to have a wide tolerance of many of the habitat parameters measured (Table 29). 
The suggestion that C. aenea is associated with woodland pools (Cham 1996b) was 
tested, and there was a significant association with pools having bankside trees at 
>20% cover.
Cham (pers. comm.) ascribed the association with woodland pools to be due to the 
larval stages requiring decomposing leaf litter. However no relationship with organic 
matter in the basal sediments and breeding sites for C  aenea could be proven.
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Since the completion of field work for this study the suggestion has been made that 
the larvae require coarse leaf litter, but avoid “sût or gravel and fine weU-rotted leaf 
fragments where chaser-dragonfly larvae are often encountered” (Brooks 1997b).
The sampling method used for organic matter (percentage by weight of dry matter), 
did not measure leaf fragment size and could not differentiate ‘fine well rotted leaf 
fragments’ from ‘coarse leaf Utter’ It is not even a ditect measurement of leaf 
detritus as other organic matter wiU be incorporated into the sediment tested. More 
refined sampling techniques able to measure size of leaf fragment are needed to test 
this association.
It was fortunate that detailed analysis of basal sediment size had been carried out 
enabling the negative association with silts to be tested. No significant negative 
correlation was found. The core used to carry out sampling took sediment to a 
depth of 10cm into the basal sediments. This is probably far deeper than any 
odonate larvae are using so the composition of the deeper portions of the core may 
be obscuring the results. C  aenea larvae may only avoid silts if they are exposed on 
the pond bed and be able to use the substrate if it was covered in leaf fragments of 
the correct size. Tests used in this study were designed before the critical nature of 
the association was suggested and so were not sensitive enough to produce 
meaningful results.
4.3.3 Som atochlora m etallica
Somatochlora metallica was noted to be much rarer in the Blackwater Valley than 
Cordulia aenea and this is a reflection of its national status. Somatochlora metallica only 
found in regions of Britain where Cordulia aenea also occurs, but Somatochlora metallica 
is restricted to 43 ten km squares whilst Cordulia aenea occurs in 136 (Merritt et al
1996). Because of the low numbers of both adults and exuviae observed the 
following conclusions drawn on its habitat requirements must be treated with 
caution.
Like Cordulia aenea, Somatochlora metallica is usually considered a species of woodland 
ponds, surrounded by overhanging trees, with the larvae found on the lake bed
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amongst twigs and dead leaves. Scottish populations appear not to require extensive 
margins of overhanging trees (Smith & Smith 1995, Vick 1997), suggesting that this 
is not the critical habitat factor. This study failed to link S. metallica with bankside 
trees so supporting this view.
Water parameter figures for X metallica (Table 30b) are very similar to those for 
Cordulia aenea (Table 29b), and both species preferred older established sites so it is 
probable that the differences in populations are due to other habitat features.
S. metallica cannot survive the presence of fish as well as Cordulia aenea, the former 
being restricted to sites with nil or very low fish stocks, the latter being able to 
maintain a small breeding population in waters with medium fish stocks. The effects 
of fish upon the habitats of odonates are not the same for all species. Cordulia aenea 
and Somatochlora metallica have similar larvae, that are believed to have similar habitat 
requirements (Merritt et al. 1996). It is clear that there must be differences in larval 
behaviour or ecology that make S. metallica less likely to survive in the presence of 
fish.
One of the main identification features of the larvae of both Cordulia aenea and 
Somatochlora metallica, are the dorsal and lateral spines, a predation deterrent. These 
spines are larger in S. metallica than Cordulia aenea suggesting the former has 
developed greater protection against predation by fish. Despite this adaptation 
Somatochlora metallica is unable to survive in sites with more than minimal fish stocks.
4.3.4 Erythtom m a najas
In the Blackwater Valley B. najas appears to have a double peaked flight period, a 
first peak in early June followed by a decline in numbers and then a rise to a second 
peak in the first week of August (Figure 11).
The phenology found in this study provides backing to the suspicions of FoUett 
(1996) who considered that in Surrey the species may have one peak in June and 
one in August. Three study sites, A1 A2 and Bl, are in Surrey the fourth, B2, within 
100m of the county border.
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E. najas is thought to usually take one year to complete larval development but not 
invariably so (Corbet e tal 1960). Corbet (1957) showed h.ow A nax imperatorhaA two 
age classes of larvae that emerge at different times so producing a bknodal 
emergence curve. Parr (1976) showed Enallagma yathigemm had a double peak of 
adults at a site in Cheshire. Parr (1976) considered that this was due to a large 
proportion of larvae over wintering as an antepenultimate or younger instar. A 
similar mechanism may be at work with Eythromma ncjas, the majority of larvae 
emerging after one winter and one summers development but some taking two 
years, over wintering twice, and emerging early in their second summer. Whatever 
the cause the bimodal emergence is sufficiently marked to affect the number of 
adults present at the water and so become noticeable in the transect counts.
The question of whether this double flight peak is restricted to Surrey or has a wider 
occurrence requires further work. A national standard scheme of quantified and 
regular transect counts could help provide an answer.
E. najas had a discrepancy between observed densities of adults and exuviae, when 
compared to other species, with less exuviae being found than expected (Table 14 
and Table 17). A possible cause of this is that the exuviae may be harder to find 
than those of other species. Although larger than other zygopteran exuviae it is 
possible that many emerge in sites not as easy to reach or observe.
Another cause may be due to the observational methodology, as it is a species that 
holds territory, (especially when in flight), over open water its adults are easier to 
observe than species preferring to remain stationary or liidden in marginal 
vegetation and which only venture out for a purpose i.e. to escape disturbance, or 
seek food or a mate. If this is the case the number of exuviae are a better measure 
of population size than adults, and Eythromma najas is a rarer insect than counts of 
adults suggest.
The results from this study suggest that, despite often being quoted as an essential 
habitat feature, (Hammond 1983, Gibbons 1986, McGeeney 1986, Merritt et al 
1996, Cham 1997), floating leaved plants are not essential for breeding of this
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species. It is postulated that by providing a resting site they enable saving of energy 
for males actively defending territory and so are regarded as a desirable but not an 
essential feature.
The critical habitat factor was the need for submerged weed beds, and this gives a 
possible explanation why it had a large breeding population at A2, but failed to 
breed at B2, both sites stocked with fish.
The high fish stocks at B2 wül have been detrimental to E. najas not only by direct 
predation but also by preventing any submerged weed beds from becoming 
established. The fish stocking policy in A2 allowed plentiful submerged weed beds 
to survive so benefiting E. najas (see discussion under section 4.2.4 Effects of fish 
stocks).
4.3.5 Aeshna m ixta
The transect recording period does not cover the entire flight period of A . mixta 
but stops just after its numbers peak. Thus the overall yearly counts wül be much 
reduced compared with other species whose entire flight period are encompassed 
by the transects. As A . mixta is a comparatively numerous anisopteran (n=327) 
there is probably a marked difference between the density figure produced by the 
transects ending on week 20 and the density figure that would have resulted if the 
transect period had covered the entire flight period.
The lack of breeding success at the drying ponds of Bl in 1995 can be explained 
easily by this species life history. Although it is univoltine (one year Hfe cycle), it is a 
late flying species which is not ready to emerge until July and so could not complete 
its development before conditions deteriorated.
Of greater interest is the very high breeding success in 1996. The ponds when 
refilled by winter rains, were obviously better for A , mixta than the same ponds 
when newly constructed. A . mixta has a late season flight period. It oviposits in 
marginal vegetation such as rushes at the edges of ponds (McGeeney 1986). Eggs of 
this species exhibit diapause, overwintering in this stage (Corbet et al 1960).
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During this study it was seen to oviposit in stems of Typha latifolia and Spaiganium 
erectum. In 1995 it maintained adult numbers and ovipositing activity levels, even by 
those ponds that had completely dried. By contrast adult density scores and 
attempted breeding behaviour for most odonate species was much reduced (Table 
15c).
By late 1995 far more marginal vegetation was established beside Bl than had 
surrounded the ponds in 1994, this attracted the attentions of ovipositing ./I. mixta. 
Eggs laid in this marginal vegetation survived within the plant tissue during autumn 
and winter. Following winter rains the submerged and floating aquatic vegetation, 
that had suffered in 1995, quickly re-established itself in 1996 creating ponds with 
weed beds suitable for A . mixta. Many individuals of A . mixta survived to emergence 
due to little competition or predation from fish and other species, such as the larger 
Anisoptera with longer life cycles, that had been eliminated by the drought.
The migratory tendencies of this species (Merritt et al. 1996), from which it gets its 
English name, are well suited to its optimum habitat, shallow well vegetated semi­
permanent ponds that frequently dry. In dry years this habitat cannot support any 
larvae but inward migration allows recolonisation and large numbers of larvae can 
survive to emergence in the years immediately following drought.
180
4.4 Recommendations
4.4.1 Monitoring
It is recommended that a national standard transect methodology for 
odonates be developed.
No national standard transect for monitoring odonates yet exists similar to the 
standardised ‘Pollard Walk’ used by the National Butterfly Monitoring Scheme. The 
lack of national standard limits the production of quantifiable surveys preventing 
comparison of sites and species.
The development of a national standard transect methodology for counting 
odonates would enable comparisons between sites and can be expected to have 
similar national benefits to those found from the National Butterfly Monitoring 
Scheme.
The protocol developed by this study should be considered when deciding 
on the national standard methodology for odonate transects on still waters.
Previously published methodologies were developed for linear water bodies of 
rivers and canals. Brooks (1993) and Jenkins (1986) both adapted the ‘Pollard Walk’ 
to study odonates with specific solutions to the logistical problems and site 
conditions of thek particular study.
The transect method developed by Brooks (1993) for linear systems, was found to 
have problems when applied to still waters. Brooks (1993) recognised that the 
method had not been tested on ponds and lakes. Despite this it is being promoted 
as if it was a national standard method with little critical comment on its drawbacks 
(RSPB, EN & ITE 1997).
The refinements to the transect method developed during this study enabled the 
method to be a useful monitoring tool for adult odonates at still water bodies. The 
protocol described eliminates some problems inherent in previous odonate
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transects developed for linear systems, and clarifies some points not addressed in 
previous transect descriptions.
Where shortage of time is a problem bi-weekly transects should be used 
instead of weekly.
The reduced effort methodology of nine biweekly transects produced accurate 
monitoring of odonate assemblage despite decreased time involvement. Weekly 
transects throughout the summer are a time consuming obligation. The use of 
biweekly transects may enable many annual transects to be completed where weekly 
surveys could not be carried out.
The use of bi-weekly surveys will be especially useful in comparative studies where a 
single observer is having to carry out transects at more than one site.
The collection of exuviae should be carried out on a quantifiable basis in all 
surveys designed to assess breeding population of Odonata.
The standardised timed collection of exuviae proved valuable as a monitoring tool 
for both Anisoptera and Zygoptera. It added an extra dimension to monitoring by 
identifying the breeding species present and giving a comparative measure of their 
populations.
Monitoring of sites B l and A l should continue using transect methodology.
Both site Bl, with 17 confirmed breeding species, three species regarded as 
nationally scarce, and site Al (16 breeding species, two nationally rare) are 
important sites for odonates.
Site Bl being a recently created site, is still in the developmental phase. This, 
coupled with its largely shallow nature is likely to lead to comparatively rapid serai 
succession that may be detrimental to some species. Monitoring at this site should 
continue annually with transects to assess its developing value for odonates.
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Al is an established site which is less likely to suffer rapid change. However, as in all 
still water bodies serai succession is towards drying, in this case the fen area in 
particular is at risk from tree encroachment. The site requires monitoring but as 
change will be a slower process than at Bl annual monitoring is not necessary. 
Transects every three to five years should be sufficient.
A comprehensive Odonata survey of all aquatic habitats in the Blackwater 
Valley should be carried out.
This study has concentrated on the value of ex-gravel pits for odonates. There are 
many other wetlands in the Blackwater Valley that support a different assemblage of 
odonates, in particular the River Blackwater and its associated streams and ditches, 
also the many small ponds and reed beds created during the construction of the 
Blackwater Valley Relief Road. To enable co-ordinated conservation measures to be 
implemented in the Blackwater Valley it is necessary to fuUy survey all these other 
habitats, to discover which species are breeding where.
Some nationally and locally scarce species were recorded during the adult transects 
that showed no breeding behaviour at the study sites e.g. Platycnemis pennipes, other 
notable species have been recorded elsewhere in the Valley but were not recorded 
during the transects e.g. Orthetmm coemlescens, Cordulegaster holtonii and Ceriagrion 
tenellum. To enable conservation measures to be applied on a strategic vaHey-wide 
basis it will be important to assess the value of these other habitats and to identify 
the breeding sites of these notable species. The extent of the breeding colony of 
PlaPycnemis pennipes on the lower reaches of the river, the status of Gomphus 
vulgatissimus recorded as adults and exuviae in 1994, also on the rivers’ lower section, 
and the source of Coenagrionpulchellum observed at site Bl are just three examples of 
further monitoring required.
4.4.2 Conservation action
Sites A l and B l should be protected and managed appropriately for odonate 
conservation. Both sites are designated as a ‘Site of Nature Conservation
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Importance’ in the relevant local plan. This designation gives only limited 
protection, just ensuring that the nature conservation value will be considered when 
planning applications are determined. To maintain thek value to odonates it will be 
essential that these sites are protected from inappropriate development and 
appropriate management is carried out to prevent habitat degradation through 
natural as well as unnatural causes.
The BVRCMS has recently launched a review of its five year strategy (Blackwater 
Valley Recreation & Countryside Management Service 1998). The importance of 
sites Al (Frimley Lakes) and Bl (Lakeside Park) to odonates needs to be considered 
during this review so that appropriate policies for thek protection can be included.
It is fortunate that both sites are currently owned by bodies sympathetic to nature 
conservation to the extent that both akeady have existkig management plans 
intended to promote nature conservation. The importance of each site for Odonata 
should be born in mind when these plans are reviewed.
Management to benefit odonates, especially the tare species, should be 
introduced to some of the Blackwater Valley water bodies. At least one typical 
example of each habitat and one site supporting each nationally rare species 
occurring in the Valley should be so managed.
This management should involve not just the water bodies and immediate 
surrounds but also the nearby woodlands and grasslands that provide the essential 
feeding and sheltering areas for the adult odonates. The conservation management 
should be based on the habitat requkements discovered to be relevant in the 
Blackwater Valley by this study. Monitoring should be part of this management and 
particular attention should be given to rarer species if this shows any of these to be 
in decline.
Most lakes in the Blackwater Valley are managed for fishing, so opportunities for 
habitat management on these for nature conservation including odonates is limited. 
Many of the site managers are sympathetic but demands of club members or paying
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customers require management to improve fish stocks. In these cases conservation 
opportunities will be largely restricted to any smaller or marginal water bodies that 
are not used for fishing.
O f greater potential are the sites managed by bodies with a conservation interest. 
For example Moor Green Lakes Nature Reserve, a reserve based on the lakes 
created by recent gravel extraction, or Rowhül Copse Nature Reserve which has a 
number of small woodland ponds left from long abandoned brick works. Sites in 
the ownership of local authorities such as Tongham Nursery (Guildford Borough 
Council) and Horseshoe Lake (BraclmeU Forest Borough Council) could be 
managed by the ranger or parks sections to benefit odonates.
A programme of habitat creation specifically for Odonata should be 
instigated in the Blackwater Valley.
In the long term it may well be possible to incorporate features into the restoration 
schemes of new gravel workings. Two new large scale quarries are due to start in 
1998, both with estimated working periods of 15 years. Restoration schemes for 
these have akeady been approved, both include the intention to have nature 
conservation as an after use. Habitat for odonates can be considered during the 
final phase of restoration, when fine details of landscape profile and water levels are 
finally set, and subsequent management regimes estabkshed.
The Manor Farm site in the north of the Valley is of special interest for two reasons
1. It will use the sût beds of the existing Eversley Quarry. A single days surveying 
has akeady shown this sût bed to have value to Odonata and the two best sites 
of this survey (Al and Bl) were both based on old sût beds.
2. It is expected that Manor Farm wûl provide acid ground conditions on 
restoration (Fourt pers. comm.). Odonates are a group that benefit from acid 
conditions, with seven species being whoûy dependent on them (British 
Dragonfly Society 1993). The adjacent Moor Green Lakes Nature Reserve 
treated the acid conditions as a problem, (Fourt 1995). Careful manipulation of
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the acid levels in the water bodies could lead to a valuable new habitat type being 
created in the Valley so increasing its range of breeding species.
Many acres of gravel reserves remain in the north of Blackwater Valley, again these 
may provide acid water bodies after restoration. Should planning applications ever 
come forward on these reserves this wiU provide opportunity for extensive areas of 
lakes and ponds to be purpose designed for odonates.
Other opportunities to create water bodies may arise through a variety of means 
other than gravel extraction. New ponds are often a feature of urban developments 
especially the need to construct flood balancing ponds. Riparian improvement 
schemes often provide the opportunity to create or improve adjacent wetlands. The 
Environment Agency in collaboration with Hampshire County Council have already 
carried out expensive pond creation schemes alongside the River Blackwater (Driver 
1997).
Future opportunities should be sought out and acted on and as many new water 
bodies constructed in the Blackwater Valley as possible, taking due care not to 
damage existing high quality habitat.
It is recommended that management for ah sites whether existing or yet to 
be dug should promote the habitat features found to be significant for the 
odonate species of special interest in the Blackwater VaUey.
The habitat features are detailed in Section 3 and 4 and summarised in Table 34. 
These features should be incorporated within the more generalised guidelines 
available e.g. British Dragonfly Society (1992), British Dragonfly Society (1993) and 
Brooks (1997).
Particular attention should be paid to management regimes or creation of features 
that are currently rare in the Valley, for instance occasionally drying ponds or water 
bodies with low fish stocks.
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It should be noted that some habitat features that are beneficial for some species 
are detrimental to other species. Also the desirability for sites that dry occasionally 
and for high coverage of bankside trees conflict with the standard advice for the 
management of a dragonfly pond (Merritt et al 1996). It is thus unlikely that aU 
species can be catered for at one site.
The aim should therefore be a wide variety of sites between them containing all the 
habitats favoured by the species of special interest. If this is achieved then the 
commoner species should also be catered for and a rich odonate fauna supported.
4,4.3 Information exchange
It is recommended that a leaflet describing measures that could be taken to 
improve waters for odonates be prepared and distributed to all managers of 
water bodies in the Blackwater Valley.
The information on habitat management gained during this study wfl not benefit 
odonate conservation unless the information reaches the appropriate people who 
can then act upon it.
The persons responsible for management of the lakes are probably the most 
important recipients of this information. Most sites are managed by non ecologists 
e.g. angling bailiffs, therefore this information needs to be presented to them in a 
clear and non technical manner.
Many persons responsible for deternaining management of the angling waters are 
unaware of the major impact upon odonate assemblages of fish stocking, but 
consider fishing to be a conservation activity and are often willing to carry out 
projects to benefit nature conservation so long as the sites’ value for angling is not 
diminished.
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Site managers with a remit for nature conservation, e.g. nature reserves managers or 
the local authority ranger services are even more Hkely to be able to implement 
management to benefit odonates.
The complete findings on the habitat preferences of Somatochlora metalUca 
should be provided to Bracknell District Borough Council.
Bracknell District Borough Council is one of the local authorities whose area 
includes the Blackwater Valley. A number of ex-gravel pits lie in its section of the 
Valley. The Authority has included Somatochlora metallica as a species within its local 
Biodiversity Action Plan (Bracknell Forest Borough Council undated). The finding 
in this study will be an invaluable source of local information to enable the plan to 
be implemented.
Publicity should be given to raise the awareness of the importance of the 
Blackwater Valley for Odonata.
The importance of the Blackwater Valley for Odonata is not widely known. This 
needs to be corrected both with local people and the wider conservation 
community, especially those with an interest in Odonata.
Study site B1 by itself with 22 species (17 confirmed breeding) can be compared 
favourably to the odonate assemblages at other gravel pit complexes such as the 
Ouse Valley (Milne 1984) or the Cotswold Water Park (Fox, Jones & Holland 1992). 
This does not give the entire picture as at least another 4 species are known to 
breed elsewhere in the Valley.
A booklet aimed at the local public should be produced detailing this value. Further 
onsite interpretation material such as identification boards should also be installed at 
appropriate localities. Site B1 (Lakeside Park) with its high odonate value and open 
public access would provide a most suitable site.
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Odonates being large colourful attractive insects active in summer days are very 
suitable for interpretation to the general public, and can be used to attract the 
general public to entomology and general conservation issues.
In the interest of national odonate conservation a copy of this study will be 
deposited with the British Dragonfly Society library and so made available to 
future researchers.
Sections relevant to individual species shall be forwarded to the persons responsible 
for that species in the British Dragonfly Society organised Collective Knowledge 
Project.
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4.5 Conclusions
• A transect method to study adult odonates at linear water bodies waters was 
adapted for use on still waters and proven to be an effective monitoring tool.
• The transect methodology was used to monitor the odonate assemblages at four 
ex-gravel pits in the Blackwater Valley over a three year period. A reduction in 
frequency in carrying out the transects from weekly to biweekly was tested and 
proved not to be detrimental in assessing the assemblage present.
• The monthly collection of exuviae was used to confirm breeding and proved a 
valuable addition to the study of odonate populations, the collection of larvae 
was less effective.
• The transect method allowed quantifiable measurement of insect populations 
independent of recorder effort, and so allowed the production of phenology 
histograms that truly reflected variation in numbers of a species throughout its 
flight period.
• The four study sites supported different odonate assemblage as a result of their 
different age and management.
•  A comprehensive analysis of habitat factors showed management for angling to 
have a major impact upon odonate assemblages. Intensively managed 
commercial fisheries with high fish stocks had little vâlue for odonates. Less 
intensively managed club fisheries supported good populations of a restricted 
number of species. Sites managed for conservation supported a greater range of 
species including a number regarded as nationally and regionally rare.
• Five species of particular interest were selected and their habitat parameters of 
breeding sites analysed in detail. This revealed a number of surprising results, 
indicating that some habitat features that are widely reported in the literature do 
not apply in the Blackwater Valley. In particular B.tythromma nafas did not have an
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association with floating leaved plants, whilst Asshna mixta was shown to prefer 
pools that had dried the previous year.
Lessons learnt from the analysis of species requirements were used to draw up 
recommendations for the conservation of odonates in the Blackwater Valley.
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Appendix I
Classification of all still water bodies in the Blackwater Valley as of 
December 1993
Name Age Size Use Comment
Rowhill, Stickleback Pond Pre 1900 S C
Rowhill, Kingfisher Pond Pre 1900 s C
Brickfields Pre 1900 S Am, C
Badshot Lea Lake 1960’s L A
Aldershot Park Pond Pre 1900 s A
Tongham Gravel Pit 1993 M Am
Wülow Park, Finger Lake 1960’s M A Now combined with 
West Lake
Willow Park, West Lake 1960’s M A
Willow Park, South Lake 1960’s M A
Willow Park, Main Lake 1960’s L A,W
Murrell’s Pond 1990 S Am
Ash Embankment 1790’s M A,W,
Am, C
Part of the Basingstoke 
Canal
Spring Lakes, Gold Lake, 1993 M A Originally dug 1950’s, 
drained & reprofiled 
1993
Spring Lakes, Bat Lake 1993 S A ditto
Spring Lakes, Carp Lake 1993 M A ditto
Spring Lakes, Middle Lake 1993 M A ditto
Spring Lakes, Blackwater Pool 1993 M A ditto
Spring Lakes, Amphibian 
Pond
1993 S Am, C
Stillwater West 1960’s M A
Stillwater East 1960’s M A
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Name Age Size Use Comment
Lakeside, Main 1960’s M A
Lakeside, Car Park Pond 1960’s S Am
Lakeside, New Ponds 1992 M Am, C Complex of 8 inter 
linked smaU ponds on 
site of old sUt beds
Lakeside, West 1960’s M A
Camp Farm Gravel Pit 1980’s L A
Aldershot Stubbs 1970’s S A Destroyed 1993
HoUybush Pond 1988 S Am, C
HoUybush Lakes, Pit 1 1970’s M A
HoUybush Lakes, Pit 2 1970’s M A
HoUybush Lakes, Pit 3 1970's M A
HoUybush Lakes, Pit 4 1950’s M A
HoUybush Lakes, Pit 5 1950's M A
HoUybush Lakes, 
Kingfisher Pond
1970's S Am Built specificaUy for 
model boat use
Mytchett Mere 1970’s L A
Mytchett Mere Pond 1970’s S
Mytchett Centre Pond 1980’s S B
Coleford Farm, South 1994 M C
Coleford Farm, Dipping Pond 1994 S Am
Coleford Farm, North 1994 L
Coleford Oxbow 1993 S Am Remnant of river
Coleford Bridge Lake 1980’s L W,A
Frimley Hatches, Pit 1 1950’s M A
Frimley Hatches, Pit 2 1970’s M A
Frimley Hatches, Pit 3 1970’s M A
Frimley Hatches, Pit 4 1980’s L A
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Name Age Size Use Comment
Frimley Hatches, Finger Lake 1960’s M C
Frimley Bridge Lake 1950’s M C, Am
Hatch Moor Ponds 1970’s S B
Grants Moor Ponds 1970’s S B
Frimley Interchange Ponds 1990’s S B
Watchmoor, South Pond 1980s S C
Watchmoor, Mid Pond & 
Ditch
1992 S C
Watchmoor Business Park, 
South Pond
1980s M B
Watchmoor Business Park, 
North Pond
1980s M B
Hawley Meadows, S. Pond 1980s S Remnant of river
Hawley Meadows, N. Pond 1980s S Remnant of river
Blackwater Park Pond Pre 1900 S Am
Blackwater Valley SSSI Pond Prel900 S C
Sandhurst Balancing Pond 1980s M B
Swan Valley Lake 1970s M A
River Valley 1970s L A
Breach Copse 1970s M A
Tri Lakes 1980s M A
Yateley Lakes, No,l 1960s M A
Yateley Lakes, No,2 1960s M A
Yateley Lakes, No.3 1960s M A
Yateley Lakes, No.4 1960s M A
Yateley Lakes, No.5/6 1960s M A
Yateley Lakes, No.7 1960s M A
Yateley Lakes, No.8 1960s M A
Yateley Lakes, No.9 1960s L A
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Name Age Size Use Comment
Yateley Lakes, No. 10 1970s M A
Yateley Lakes, No. 11 1970s L A
Yateley Lakes, No. 12 1970s M A
Yateley Lakes, No. 13 1970s M A
MiU Lane Lake 1970s M A
BV Watei'spoits, Long Pit 1970s L W,A
BV Watersports, Riverside Pit 1970s M W,A
BV Watersports, Grebe Pit 1970s M W
BV Watersports, East Pit 1970s M w
BV Golf Course, East Pond 1970s M Am
BV Golf Course, SE Pond 1970s S Am
BV Golf Course, SW Pond 1970s M Am
BV Golf Course, W Pond 1970s S Am
Horseshoe Lake 1980’s L W
Grove Lake 1980’s L C
Colebrook Lake 1980’s L C
Eversley Gravel Pit sût beds 1980’s M B Gravel pit still in 
operation
Halls Way Pond Pre 1900 S Am Destroyed 1995
Eversley Cross Pond Pre 1900 S Am
Horns Farm Pond Pre 1900 S
Mr Goddard’s Pond 1990’s S C, Am
Well House Farm Pond Pre 1900 M
Cheriton Farm Pond Pre 1900 S
Size: S = small (<5,000m2), M = medium (5,000 - 50,000m2), L — large (50,000m2).
Use: A  = angling, Am = amenity, C = conservation, B = balancing pond, W = water sports.
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Appendix II
Transect descriptions
Detailed descl'iptions of the transects routes walked are given below by section. 
This information will not only assist in the interpretation of results but will enable 
future workers to accurately repeat the transects to assess any further developments 
of the odonate assemblages at these sites. The plans (Figures 1 to 4), showing the 
transect routes walked and areas surveyed, should also be referred to.
A1 (Finger Lake)
A1 could only be accessed from the southern and eastern banks. Dense bankside 
tree growth and marsh communities upon dangerously deep sût beds required this 
transect to use footpaths away from waters edge and use speciaUy cut view points. 
Total distance 584m, (figure 1).
Section 1. SW bank, wülow swamp. From winter high water level, marked by
end of earth bank to end of tree covered water marked by two tiny 
islands and three bole birch on track. 58m.
Section 2. SW bank mid section. From three bole birch to path junction. Three
viewing points. 70m.
Section 3. SW bank, east end. From path junction to SE corner of lake. Four
viewing points. 65m.
Section 4. East bank, southern end. From SE corner of lake to continuous
promontory. Views across open water. Four viewing points. 54m.
Section 5. East bank, finger section. From promontory to, and including,
final pond of open water. Seven viewing points. 111m.
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Figure 1. Plan o f  A1 showing transect section.
transect route 
view point
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100 mscale
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Sectioîi 6. East bank, Typha and Junms swamp. From 14m before stream to 
opposite closest tree covered promontory. Seven viewing points. 
145m.
Section 7. East bank, northern end. Tree covered shallow water, including final 
shallow pond. 79m.
A2 (Hatches Pit No. 2)
Dense bankside tree growth required parts of this transect to use footpaths away
from waters edge and use fishing pegs as static view points. Total distance 584m
(figure 2).
Section 1. West bank. Starting from 1*^  fishing peg using pubHc footpath to
move between view points. Six fishing pegs. 166m.
Section 2. North bank, west end, from NW corner of lake to (and including)
fishing peg after small bay in woodland. Three fishing pegs. 69m.
Section 3. North bank, mid section. From section 2 along bank to "dead end’,
with fishing peg. 43m.
Section 4. North bank, east end. From section 3 move away from waters edge,
using anglers track parallel to bank and viewing lake from fishing 
pegs Section ends at last fishing peg before NE corner of lake. Six 
fishing pegs. 105m.
Section 5. East bank and SE bank, east end. From view point on short east
bank to, and including, small gravel bar (used as fishing peg) 
opposite south end of island. Four fishing pegs. 103m.
Figure 2. Plan o f  A2 showing transect section.
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Section 6. SE bank, south end. From end of section 4 using anglers track away 
from bank through clearing then rejoining bank at next fishing peg 
and along bank to south corner of lake. Sis fishing pegs. 98m.
B1 (Lakeside New Ponds)
Sections 1, 5 and 7 were only recorded from one bank. To assist access around the 
site and eliminate repeated crossing of ditches the other sections were recorded in 
sub sections i.e. firstly east side of aU the ponds, then west side. Total distance 804m 
(figure 3).
Section 1. Course of old river, west side only. 117m (1994 127m).
Section 2. Around largest pond. North of section 1 .163m.
Section 3. Ditch between sections 2 and 4, east side only. 30m.
Section 4. Around northernmost pond containing small Phragmites bed 132m.
Section 5. Northernmost ditch from footbridge, west side only. 40m.
Section 6. Around pond adjacent to southernmost (section 7). 149m.
Section 7. Around southernmost pond. 119m.
Section 8. Around the small pond. 54m, (pond length 18m).
B2 (Lake Gold)
Total distance 678m (figure 4.).
Section 1. West bank. From (and including) slipway to fencing at corner of 
south bank. 103m.
Figure 3. Plan o f  B1 shomng transect section.
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Section 2.
Section 3.
South bank, west end. From fencing to (and including) 11*^  fishing 
peg just before 2”^  island. 140m.
South bank, east end. Just after second island 12* fishing peg to (and 
including) fishing peg in SE corner of lake. 129m.
Section 4. East bank, not including fishing pegs in corners of lake. 82m.
Section 5. North bank, east end. NE lake corner peg to opposite small island,
directly opposite junction of section 2/3. 101m.
Section 6. North bank, west end. Section 5 to slipway. 123m,
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Figure 4. Plan o f  B2 showing transect section.
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Appendix III
Weather
Table la. Monthly rainfall (nun).
Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec
1994 123 62 54 55 78 24 13 41 76 130 68 103
1995 145 104 53 18 21 10 24 9 135 41 60 99
1996 62 76 42 41 41 21 58 66 24 58 153 22
Mean ('1963-941 72 49 60 51 54 54 48 53 64 73 73 77
Table lb. Average minimum temperature (°C).
Jan Feb Mar Apr May Jun Aug Sep Oct Nov Dec
1994 2 0 5 4 7 10 14 13 10 6 8 31995 2 4 2 5 7 10 14 14 10 10 5 01996 2 -1 1 4 5 10 12 12 10 8 3 1Mean (1951-94) 1 1 2 4 7 10 12 12 10 7 3 2
Table Ic. Average maximum temperature (°C).
Jan Feb Mar Apr Ivfey Jun M Aug Sep Oct Nov Dec
1994 8 7 11 12 15 20 24 21 16 15 13 10
1995 8 10 10 14 17 20 25 26 18 17 11 4
1996 6 6 8 13 14 21 22 21 18 15 9 5Mean (1951-94) 6 7 10 12 16 19 21 21 18 14 10 8
Appendix IV
Botanical survey results
Table 1. Botanical Survey of A l.
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Section
Submerged/ floating species 1 2 3 4 5 6 7
Callitriche stagnalis F O O F
CeratophvUum demersum O F A O
Chara so. + +
Lemna minor F A O O LF O
L. tdsulca R O
Potamogeton berchtoldii R F O F
P. obtusifolius LF
Emergent /  marginal species
Aarostis stolonifera F
Berula erecta O
Equisetum fluviatile R R O
E. palustre O R
Galium palustre O
Hottonia palustre A A F F
Impatiens elandulifera R
Tuncus effusus F O F F F LD O
Lvcopus europaeus F F
Lvsimachia vulgaris F F
Mentha aquatica R LF A
M. scorpioides R
Phalads arundinacea O
Persicaria hvdropiper F
Ranunculus flammula R
Salix caprea A A
S. cinerea A
Scutellaria aaleiiculata LF
Solanum dulcamara O O
Sparganium erectum R
Tvpha latifolia O LD F
Urtica dioica +
N o. o f species 8 S 7 6 11 14 11
Key to categories
+  = present, D  = dominant, A  = abundant, F = frequent, O = occasional, R = rare
Table 2. Botanical survey o f  A2.
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Section
Submerged/ floating species 1 2 3 4 5 6
Callitdche stagnalis F R
Elodea nuttallii A A A A A
Nvmohaea spp. R R R
Polygonum amphibium O O
Potamogeton berchtoldii R
Emergent /  marginal species
Aarostis stolonifera O O +
Carex disticha O O
C. nigra R
C. pseodocvperus
Elatine hexandra
Eleochaiis acicularis
E. palustre O
EpHobium palustris R
Equisetum palustre R
Galium palustre O O R
Glyceria fluitans
Tuncus acutiformis +
T. articulatus O F
I. bufonius O
I. effusus A A F F F
Lvcopus europaeus O O F O O R
Lvsimachia vulgaris O O LF F R
Lvthrum salicaria O O
Myosotis laxa o
Phraamites australis R
Sckpus svlvadcus O
Scutellaria ealericulata O F
Solanum dulcamara R o
Sparganium erectum F F O O o
Typha latifolia F LF
N o. of species 7 12 8 10 17 7
Key to categories
+ =  present, D  = dominant, A = abundant, F • frequent, O =  occasional, R = rare
Table 3. Botanical Survey o f  B l.
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Section
Submet&^ed/ floatLoir soecies 1 2 3 4 5 6 7 8
Callitriche stasnalis + F F F F O
Chara so. + F F + O OCiassula helmsil LF
Elodea nuttallii O F A + F A
Lacarosiohon maior O R O
Lemna minor s O + O F
L. miniscula O O
L. trisulca s
Nvmohoides oeltata o R LF
Potamogeton berchtoldii
P. natans LF O + F LF OP. obtusifolius F + LF F FP. tricholdes s
Ranunculus oeltatus R
Emergent /  marginal snecies
Accrus calamus LF
Aerostis stolonifera F O + A O OAlisma olantavo-aauatica O F + F O FAlonecurus eeniculatus F
Angelica svlvestris R RAoium nodiflorum R
Carex acutiformis O
C. oseudocvoerus R +
C. remota R R R R OElatine hexandra R LF R R
Eleocharis acicularis R
E. nalustds + OEoilobium nalustre F R + R R OEauisetum nalustre F + LF
Galium nalustre F R RGlvceria fluitans R F + F R O F
G. maxima F LF R
Hottonia nalustris S O + F
Hvdrocotvle vulgaris F R + R
Iris nseudacorus O R F ATuncus acutiformis R O R + R
I. articulatus O O O F O
T. bufonius o O
I. bulbosa LF R
T. effusus F F A + A F ALvchnis flos-cuculi RLvconus euronaeus A R + R FLvsimachia vulgaris O R R
Lvthrum nortula F F + O R FL. salicaria F F R F OMentha aauatica F + O R
Mvosotis laxa F F + LF
M. scomioides F R +
Mvosoton aouaricum O
Phalaris arundinacea LF R RPhragmites australis A R
Persicaria hvdroniner RRanunculus flammula O
R. lingua R
R. sceleratus R RRumex hvdrolanathum R
Scimus svlvaticus R F + R LF O
Scronhularia auriculata R O F OScutellaria galericulata R
Stachvs nalustris RSolanum dulcamara R R
Snarganium erectum F O R R R LFTvnha latifolia F R LF O F LFNo. of snecies 29 34 16 28 14 31 28 22
Key to categories
+  — present, D  = dominant, A = abundant, F = frequent, O = occasional, R = rare
Table 4. Botanical Survey o f  B2.
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Section
Subm ersed/ floating species 1 2 3 4 5 6
Callitriche stagnalis R R R F O F
Lemna minor O
MvriophvUum altemiflorum R R O O R R
Nymphaea alba R R R
Ranunculus peltatus R
Emergent /  marginal species
Acorus calamus F R
Aerostis stolonifera R
Alisma plantaeo-aquatica R R
Apium nodiflorum O
Carex acutiformis O
Epilobium palustre R R
Iris pseudacorus O R
Tuncus articulatus R
T. effusus R R + R
Lvcopus europaeus O s R
Lvsimachia vulearis R LF
Lvthrum salicaria F
Mentha aquatica O
Menvanthes trifohata R
Nasturtium officinale R
Phalaris arundinacea R
Ranaunculus sceleratus R R R
Schoenoplectus lacustris R
Scirpus svlvaticus R
Scutellaria ealericulata R
Solanum dulcamara R
Spareanium erectum O R
Tvpha latifolia F
N o. of species 4 7 8 19 6 9
Key to categories
+ =  present, D  — dominant, A =  abundant, F = frequent, O = occasional, R =  are
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Appendix V
Water parameters
Table la. Water parameters for A l, Winter.
Section
1 2 3 4 5 6 7 mean
Ammonia p.p.m. 0.31 0.33 0.31 0.31 0.18 0.09 0.22 0.23
Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1 0.69 3.03 0.51 1.82
Nitrite p.p.b. 21.2 19.9 19.7 20.3 21.3 13.7 26.3 19.5
Potassium p.p.m. 3.6 3.4 3.3 3.4 3.6 5.0 4.3 4.0
Sodium p.p.m. 15.4 12.9 12.5 13.0 21.4 18.2 22.2 16.7
Temperature °C 7.6 7.5 7.9 7.9 7.8 8.0 8.2 7.8
pH 7.5 7.4 7.3 7.2 7.2 7.1 7.2 7.2
Oxygen mg'l 11.5 10.8 10.1 9.5 11.9 10.8 15.4 11.3
Conductivity p.s 306 266 266 286 323 373 396 324
Table lb. Water parameters for A l, Summer.
Section
1 2 3 4 5 6 7 mean
Ammonia p.p.m 1.5 0 0 0 0 0 0.04 0.22
Nitrate p.p.m. 039 <0.1 <0.1 <0.1 <0.1 1.76 1.6 1.25
Nitrite p.p.b. 20 0 0 0 0 40 10 10
Potassium p.p.m. 7.1 3.3 3.0 3.1 4 4.1 4.1 4.1
Sodium p.p.m. 25 15 13 13 15 19 18 17
Temperature °C 17.2 19.7 19.8 19.5 20.2 16.3 18.7 18.8
pH 7.1 7.1 7.2 7.2 7.2 7.2 7.2 7.2
Oxygen mg'l 4.8 10.6 11.3 10.2 7.6 10.2 5.7 8.6
Conductivity |o.s 263 273 260 263 303 303 323 284
Table 2a. Water parameters for A2, Winter,
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Section
1 2 3 4 5 6 mean
Ammonia p.p.m. 0.08 0.07 0.09 0.09 0.10 0.08 0.09
Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nitrite p.p.b. 8.10 7.77 8.91 7.77 3.65 0.39 6.10
Potassium p.p.m. 4.1 4.1 4.2 4.1 4.1 4.1 4.1
Sodium p.p.m. 10.7 10.5 9.9 10.5 10.5 10.5 10.4
Temperature °C 8.2 7.9 8.1 8.4 8.4 7.9 8.1
pH 7.4 7.5 7.4 7.4 7.4 7.4 7.4
Oxygen mg'l 12.6 12.4 12.6 12.4 11.6 11.6 12.2
Conductivity |lis 288 293 289 289 289 289 289
Table 2b. Water parameters for A2, Summer.
Section
1 2 3 4 5 6 mean
Ammonia p.p.m. 0 0 0 0 0 0 0
Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nitrite p.p.b. 0 0 0 0 0 0 0
Potassium p.p.m. 3.0 2.9 3.1 2.8 2.8 2.8 2.9
Sodium p.p.m. 14 14 13 13 13 13 13
Temperature °C 22.7 22.3 22.3 22.2 22.5 22.3 22.4
pH 7.4 7.4 7.4 7.4 7.5 7.3 7.4
Oxygen mg'l 10.1 9.9 10.6 10.5 10.7 10.8 10.4
Conductivity [xs 320 327 317 320 323 317 321
Table 3a. Water parameters for B l, Winter.
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Section
1 2 3 4 5 6 7 8 mean
Ammonia p.p.m. 0.34 0.24 0.23 0.19 0.19 0.23 0.17 0.65 0.28
Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1 <0.1 0.09 0.09 0.06 0.03
Nitrite p.p.b. 9.46 9.11 6.66 4.17 6.66 7.9 6.28 24.1 9.29
Potassium p.p.m. 7.7 5.47 5.4 5.4 5.5 5.2 4.35 5.4 5.55
Sodium p.p.m. 16.3 14.3 14.5 15.2 15.6 14.65 13.2 12.2 14.5
Temperature °C 6.2 6.7 6.7 6.2 5.3 7.3 6.8 6.0 6.4
pH 7.3 7.2 7.2 7.3 7.5 7.3 7.4 7.2 7.3
Oxygen mg'l 6.6 8.9 9.1 9.8 8.8 8.9 9.0 5.8 8.4
Conductivity |xs 310 323 376 417 446 311 337 308 354
Table 3b. Water parameters for B l, Summer.
Section
1 2 3 4 5 6 7 8 mean
Ammonia p.p.m. 0 0 0 0 Dry 0 0 0 0
Nitrate p.p.m. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nitrite p.p.b. 0 0 0 0 0 0 10 1.4
Potassium p.p.m. 4.0 3.4 2.9 3.0 3.4 0.8 0.2 2.5
Sodium p.p.m. 14 23 28 29 29 29 8 22.9
Temperature °C 21.2 23.4 23.2 22.3 22.8 22.2 23.7 22.7
pH 7.5 7.6 7.9 7.5 7.5 8.1 7.5 7.7
Oxygen mg'l 12.5 11.8 12.5 12.0 12.2 13.2 8.1 12.9
Conductivity ps 313 326 320 350 322 322 177 304
Table 4a. Water parameters for B2, Winter.
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Section
1 2 3 4 5 6 mean
Ammonia p.p.m. 1.33 1.33 1.34 1.35 1.39 1.33 1.35
Nitrate p.p.m. 1.04 1.03 0.99 0.99 0.96 0.99 1.00
Nitrite p.p.b. 36.2 37.9 38.3 35.4 44.2 45.9 39.7
Potassium p.p.m. 8.4 8.8 8.6 8.7 8.7 8.8 8.7
Sodium p.p.m. 20.1 20.6 20.8 21.0 2T3 213 20.9
Temperature °C 7.3 7.2 7.1 7.5 6.7 7.0 7.2
pH 7.3 7.2 7.3 7.1 7.2 7.3 7.2
Oxygen mg'l 10.1 10.1 10.5 10.0 10.6 10.4 10.3
Conductivity ps 445 438 436 436 453 486 449
Table 4b. Water parameters for B2, Summer.
Section
1 2 3 4 5 6 mean
Ammonia p.p.m. 0.60 0.95 0.80 0.86 0.81 0.89 0.82
Nitrate p.p.m. 0.41 0.37 0.37 0.35 0.39 0.31 0.37
Nitrite p.p.b. 60 70 50 60 60 missed 60
Potassium p.p.m. 6.5 7.1 7.2 7.4 7.1 6.5 7.0
Sodium p.p.m. 27 24 23 24 24 23 24
Temperature °C 21.3 21.5 21.2 21.0 21.2 21.3 21.3
pH 7.0 7.0 7.0 7.1 7.0 7.1 7.0
Oxygen mg'l 10.7 10.4 10.6 10.1 9.4 9.5 10.1
Conductivity ps 533 543 537 540 547 510 535
Appendix VI
Exuviae counts (three year totals)
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Al A2 B l B2
JL sponsa 24 10 14
P. njnîphula 41 8 1
L ek^am 31 93 117 13
E. cyathigemm 36 1134 80 4
C, puella 322 121 716
E. ncyas 21 289 74 3
Undet, Zygoptera 50 129 114
B.prafense 9
grandis 94 55 69
A., cyama 2
A . mixta 5 2 343
A . imperator 3 2 39
C aenea 8 8 9
S. metallica 5 2
E  depressa 15
E  quadrimaculata 1 42
0 . cancellatum 1 1 23 1
S, stnolatum 1 4 1643 1
S. sanguineum 15
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Appendix VII
Larvae counts
Table la. Larvae collected at A l. Total of 2 counts 
(spring and summer) 1995.
Section No.
1 2 3 4 5 6 7 Total
E  sponsa 3 3
I. ekgans 2 2 3 7
E. (yathigemm 2 3 1 6
C. puella 2 2 4
E. najas 1 2 1 4
Undet. Zygoptera 2 2 1 5
Undet. Aeshnid 1 1 2
Table lb. Larvae collected at A2. Total of 2 counts 
(spring and summer) 1995.
Section
1 2 3 4 5 6 Total
L ekgans 4 1 1 6 1 1 17
E. ^athigemm 2 3 8 7 1 21
C. puella 1 4 2 1 8
E. najas 3 1 4
Undet. Zygoptera 1 2 1 2 6
Table le. Larvae collected at B l. Total of 2 counts 
(spring and summer) 1995.
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Section
1 2 3 4 5 6 7 8 Total
jL sponsa 1 2 3
P. nymphula 1 1
I. ekgans 5 1 6 1 13
jE. (yathigerum 2 22 2 21 9 2 58
C puella 1 2 4 4 11 1 23
E. najas 12 3 1 16
Undet. Zygoptera 2 16 1 14 1 7 9 50
A . grandis 1 1
A . imperator 1 1
Undet. Aeshnid 1 5 5 1 1 13
JL quadnmaculata 1 1
S. stnolatum 24 13 23 2 18 80
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Appendix VIII
Fish Data 
A l
Al was stocked and used for angling but the fish were netted and removed in the 
late 1980’s. (Ellis pers comm.). By observation Common Carp {Cyprims carpio) and 
Pike (^sox hidus) seen in singles and small shoals of Rudd {Scardinius etythropthalmus) 
and Roach (Rutilus mtilus) <10 seen occasionally. Shoals of fish fry seen in 1994 but 
not after.
A2
Fish stocked at about 500 lb./acre (560 kg/hectare). Species present are Common 
Carp 8-19 lbs. Tench (Tinea tincd)^  Roach, Rudd <3 lbs. Pike, and Perch (Perea 
fiuvitilis). Data supplied by Adrian ElUs of Leisure Sport Angling, site manager. (Ellis 
1996 & pers. comm.).
By observation during adult transects shoals of 20/30 Common Carp regularly seen 
on surface in spring, also shoals of <20 Rudd seen, and occasionally single Pike at 
the waters edge.
B l
This site is not used for angling so no data from anglers. During period of high 
water it is (except section 8) connected via overflow ditches to the adjacent fishing 
lakes.
Fish were seen in single figures in 1994. During low water levels of 1995 five of the 
six separate ponds dried. Four Roach were removed from one pond (section 2), 
single dead Common Carp were found in the dried up beds of another two ponds 
(sections 4 & 7).
B2
Fish were stocked in 1993 at above the maximum recommended rates, B2 is spring 
water fed and the fishery manager believed the water could thus support the higher
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fish density. Stocking rate was at 300 lbs (140 kg) of fish per fishing peg of which 
there are 45. This equates to 13,500 lbs (6,100 kg) of fish in total, (2,216 lbs per acre, 
or 2,482 kg per hectare). Species stocked were Common Carp (4,000 lbs, 1800 kg). 
Crucian Carp {Carassius carassiui)^  Tench, Roach, Perch and Bream {Abramis brama), 
all at 1900 lbs (860 kg). Data supplied by John Raison, site owner and fishery 
manager.
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Appendix IX
Statistical tests 
Cotrelation coefficient
The correlation coefficient determines the relationship between two properties or 
range of values.
The equation used for this study by microsoft excel software to calculate the 
correlation coefficient was:
p .,  =
Gy
where:
-\  < p < \  
and:
Cov (X,Y) -  1 /n  2  ( ^ j -  MJ 6>j -
J - 1
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Chi test for association
The Chitest ) is used to test for an association between two or more sets of 
measurements each at the categorical level.
The test first calculates a statistic and then sums the differences of actual 
values from the expected values. The equation for this function is CHITEST = 
p (X> ), where:
r  c
T^= ^  ^  ( A ÿ - E #j - 1 j - 1 Eÿ
and where:
Aij = actual frequency in the i-th row, j-th column 
Eij = expected firequency in the i-th row, j-th column 
r = number or rows 
c = number of columns
CHITEST returns the probability for a statistic and degrees of freedom, df, 
where df = (r - l)(c - 1).
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Spearman’s rank correlation coefficient
The Spearman’s rank correlation coefficient indicates the strength of association 
between two sets of measurements. Being based on ranks of the parameters it can 
be used where detailed accurate measurements are not available.
The equation used for this test was:
1% = 1- 6 ED'
n(n' - 1)
where
r, = Spearman’s rank correlation coefficient 
D = the differences in rank between a pair of measurements
r a i S R S I W  0 "  l i r i E Y  L I B #
